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ABSTRACT 

This  document  contains  .Lai  generated  an  meetings  of  the  473L  Sub¬ 

system  Integration  Design  Group  (SIDG) .  lechnrcal  material  presented 
herein  does  not  constitute  a  specification  but  represents  a  generally 
concurred  on  description  of  the-  interface  between  the  47.3Ii  Data  Processor 
(AN/FYQ-il)  and  the  System  Integrated  Consoles  (AN/FYA~2,  3,  and  4.,t. 
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473L  DPSS/ICSS  INTERFACE  DESCRIPTION 


1 . 0  INTRODUCTION 

The  473L  Data  Processing  Subsystem  (DPSS)  communicates  on  a  real¬ 
time  basis  with  a  number  of  input/output  consoles  comprising  the  Integrated 
Console  Subsystem  (ICSS) .  These  consoles  are  of  three  types  designated 
the  AN/FYA-2,  AN/FYA-3  and  AN/FYA-4  respectively  and  differing  principally 
in  the  aggregation  of  major  functional  components  provided  in  each. 

The  AN/FYA-2  console  (Type  A)  contains  all  major  components,  these 
being; 


1. 

Electronic  Typewriter/Display  (ET) 

(includes  Control  Keyboard) 

2. 

Logic  Keyboard  Assembly  (LKB) 

3. 

Milticolored  Display  (MC) 

4. 

Hard  Copy  Device  (for  MC)  (HC) 

5. 

Console  Printer  (CP) 

The  AN/FYA-3  Console  (Type  B)  contains  only  items  1,  2  and 
above.  The  AN/FYA-4  Console  (Type  C)  contains  only  items  1  and 

3  of  the 

5. 

The  detailed  description  of  these  integrated  consoles  may  be  found 

elsewhere. 

This  document  describes  the  electrical  and  functional  interface 
between  these  consoles  and  the  DPSS  and  establishes  their  mode  of  inter¬ 
action. 

The  DPSS  and  the  ICSS  will  be  installed  in  two  phases.  These  are  the 
IOC  phase  (Interim  Operational  Capability)  and  the  COC  phase  (Complete 
Operational  Capability).  The  IOC  phase  requires  a  partial  implementation 
of  system  equipment  configuration  and  involves  the  use  of  only  one  AN/FYQ-ll 
data  processor  and  4  integrated  consoles.  For  the  sake  of  generality,  the 
following  description  relates  to  the  COC  configuration  of  which  the  IOC 
configuration  is  but  a  subset.  With  the  exception  of  the  implications  of 
"duplex"  switching  between  two  data  processors,  the  larger  number  of  con¬ 
soles  and  the  references  to  the  Large  Panel  Displays,  the  console  interface 
descriptions  are  equally  applicable  to  the  IOC  configuration. 

1 . 1  General  Description  of  DPSS/ICSS  Interface 

In  general,  the  DPSS  provides  separate  and  distinct  interfaces 
for  communication  with  each  of  three  major  functional  areas  in  the  integrated 
consoles. 


TM-3511 


2 


'{ 


I 


These  are:  .1.  ET,  and  Control  Interface  (incl.  LKB) 


2.  MC  Display  Interface  (incl.  Large  Panel  Displays) 


3.  Console  Printer  Interface 


An  I/O  register  directly  associated  with  the  computer  portion 
of  the  Data  Processor  communicates  directly  with  the  ET  and  CONTROL  area 
of  the  consoles  by  high  speed  data  transfer  in  either  direction.  This 
ET  andriJONTROL  interface  handles  all  Integrated  Console  inputs  to  the 
Data  Processor  and  all  outputs  to  the  ET  Displ^,  Logic  Keyboard  and  the 
Control  Keyboard,  (i.e.,  all  communications  to  the  console  except  M-C 
display  and  console  printer  outputs). 

The  DPSS  communicates  with  the  M-C  Displays  via  an  area  of  the 
MASS  MEMORY  unit  designated  the  Mass  Memory  Buffer  Store  (MMBS) . 

The  M-C  Display  interface  provides  solely  an  output  capability, 
data  being  transferred  from  the  DPSS  to  the  M-C  displays  on  a  word  demand 
basis. 

The  DPSS  communicates  with  the  Console  Printers  via  an  area  in 
the  MASS  MEMORY  unit  designated  the  Mass  Memory  Console  Printer  Store 
(MMCPS) .  An  output  capability  only  is  provided,  data  being  transferred 
from  the  DPSS  to  the  Console  Printer  on  a  character  demand  basis. 

Console  inputs  to  the  DPSS  functionally  related  to  the  M-C 
Displays  or  Console  Printers  are  transmitted  via  the  ET  and  Control  inter¬ 
face. 

In  addition  to  the  above,  the  DPSS  communicates  with  Large  Panel 
Displays  in  an  output  function  only  and  via  the  M-C  Display  interface. 
Separate  channels  in  this  interface  functionally  identical  to  those  provided 
for  M-C  Displays  provide  for  DPSS  output  to  future  LP  displays  on  a  word 
demand  basis.  Since  the  LP  displays  have  not  yet  been  specified,  this 
part  of  the  interface  is  considered  tentative. 

The  COC  configuration  of  the  Data  Processing  Subsystem  will 
provide  15  ET  and  Control  input/output  channels  and  11  M-C  Display,  15 
Console  Printer  and  8  Large  Panel  Display  output  channels.  With  the 
exception  of  the  8  LPD  channels,  the  above  channel  complement  is  duplicated 
in  each  of  the  two  data  processors  and  any  or  all  consoles  may  be  manually 
switched  to  either  processor  with  no  degradation  of  output  capability 
(other  than  that  which  may  result  from  increasing  the  load  on  a  given 
processor) . 

Only  4  basic  LPD  channels  are  provided  in  each  of  the  two  data 
processing  subsystems.  The  4  basic  output  channels  are  expanded  to  8 
by  processor  controlled  switching  which  permits  time  sharing  of  outputs 
to  two  Large  Panel  Displays.  Any  or  all  LP  displays  may  be  manually 
switched  to  either  Data  Processing  subsystem  but  if  more  than  4  are  switched 
to  one  processor,  time  sharing  of  affected  channels  will  reduce  output 
rate  to  the  related  LP  displays. 
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The  ET  and  Control  interface  input/ output  channels  are  not 
capable  of  simultaneous  operation.  No  buffer  storage  is  provided  and  all 
consoles  communicate  directly  with  the  same  I/O  register  on  a  sequential 
basis  for  input  and  on  a  program  selected  basis  for  output.  The  same 
I/O  register  is  used  to  communicate  with  the  DATACOM  interface.  Data 
transfers  via  this  register,  however,  are  of  sufficient  speed  that  effective 
practical  simultaneity  of  operation  of  the  Integrated  Consoles  is  achieved. 

This  is  further  aided  by  the  essentially  "off"ltne"  mode  of  operation  of 
the  Consoles  between  data  transfers. 

Data  transfers  to  the  M-C  and  LP  displays  involve  a  substantial 
amount  of  buffer  storage  in  each  MMBS.  Ihe  MMBS  is  shared  among  all 
connected  M~C  and  LP  displays,  but  each  output  channel  contains  recirculating 
storage  for  two  blocks  of  data.  Consequently,  outputs  via  these  channels 
can  proceed  simultaneously  with  only  minor  interactions  during  channel  accesses 
to  the  MMBS  or  data  processor  accessing  of  the  MMBS, 

Data  transfer  to  the  Console  Printer  is  via  separate  buffer 
storage  in  the  MMCPS  allocated  to  each  Console  Printer  output  channel. 

Outputs  via  each  channel  can  proceed  independently  and  simultaneously 
with  only  minor  interactions. 

In  the,  COC  configurations,  all  consoles  and  Large  Panel  displays 
interface  with  the  DPSS  through  manual  duplex  switching  which  permits 
assignment  of  each  console  or  LPD  to  either  Central  Processor.  Any  or  all 
of  the  consoles  or  LPDs  may  be  simultaneously  and  independently  assigned 
to  either  processor  or  they  may  be  distributed  between  the  two  processors 
in  any  manner  desired  to  meet  operational  requirements. 

The  manual  switching  is  accomplished  Independently  for  each 
interface  area  so  that  the  ET  and  Control,  M-C  display  and  Console  Printer 
poitions  of  each  console  may  be  individually  assigned  to  either  processor 
subsystem.  Ordinarily,  all  components  of  a  console  would  be  assigned  to 
the  same  processor,  however  failure  of  a  Mass  Memory  unit  may  require 
placing  all  M-C  displays  and  Console  Printers  ..m  the  remaining  Mass  Memory 
unit  while  the  ET  and  Control  portions  remain  distributed  between  two 
processors.  Switcb.es  for  10  M-C  and  CP  e.  --.rp  el^ctri  call;-  ganged.. 

The  Central  Processor  program  may  test  the  status  of  the  manual 
duplex  switching  to  determine  which  interface  channels  on  either  processor 
are  actively  connected  to  consoles  or  LP  displays. 

The  manual  switching  does  not  provide  the  capability  to  switch 
devices  from  one  channel  to  another  in  the  same  processor  subsystem  nor  to 
any  arbitrary  channel  on  the  alternate  processor  subsystem.  Switching 
only  occurs  between  a  given  channel  and  its  alternate.  Change  of  channel 
assignments  beyond  this  requires  relocation  of  device  connectors. 

A  general  outline  of  the  DPSS/ICSS  Interface  including  the 
tentative  duplex  manual  switching  is  shown  in  Figure  1  (a). 


r 
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Figure  1  (b)  shows  the  Large  Panel  Display  interface  as  it  is 
defined  at  this  time.  Although  this  interface  is  tentative  and  cannot 
1  confirmed  until  the  Large  Panel  Display  subsystem  is  specified  and 
■  Ined  in  detail,  it  is  expected  that  little  change  will  occur  in  the 
(."'  't.ion  described  herein. 


COMPUTER  mass  MEMORY  MASS  MEMORY 
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NOTE:  Neutral  OFF  position  may  also  exist,  on  all 
switches 

Consol-  Printer  switches  are  electrically 
ganged  to  iO  >i-f.  -virches 

Fig.  la  DPSS/ICSS  INTERFACE  (SCHEMATIC  ONLY) 
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LFD'f  1  &  2  are  shown  switched  Co  individual  channels 
LPD's  7  &  8  are  shown  switched  to  time  share  channel  7 
of  ^»IA 

NOTE:  Neutral  OFF  position  may  also  exist  on  all  manually 
controlled  switches 

Fig.  Ib  DFSS/LFD  INTERFACE  (SCHEMATIC  ONLY) 
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2.0  ET  AND  CONTROL  FUNCTION  INTERFACE 

The  ET  and  Control  Function  Interface  is  illustrated  grossly  in 
Figure  2. 

ET  and  control  messages  are  carried  in  a  two-way  transmission  function 
over  an  Individual  set  of  lines  for  each  ICSS.  These  lines  communicate 
directly  with  a  special  input-output  register  connected  with  the  processor 
core  memory,  which  is  also  used  for  Digital  Data  Link  transmission. 

"Input  to  Processor"  requests  (Message  Available  signals  from  the 
ICSS's)  are  scanned,  with  all  the  Digital  Data  Links  being  considered 
every  time  an  ICSS  is  considered,  to  produce  a  processor  "Input"  inter¬ 
rupt.  The  processor,  programmatically,  determines  the  source  of  input, 
allocates  space  in  core  memory  and  initiates  the  input  operation  proper. 

The  processor  continues  its  program  execution  and  may  test  for  completion 
of  the  input  process.  At  the  end  of  the  message  transfer,  the  processor 
will  receive  an  "I/O  Interface  Not  Busy"  interrupt 

Outputs  to  the  ICSS  and  Digital  Data  Links  are  initiated  by  pro¬ 

cessor  program  execution.  Outputs  are  from  core  memory  through  the  in¬ 
put-output  register  used  for  Input  and  proceed  independent  of  program 
execution,  Outputs  are  sent  by  address  directly  to  the  receiving  device 
without  operator  intervention  but  responsive  to  the  "Device  Available" 
signal  which  Indicates  console  status,  A  console,,  when  not  in  the  INPUT 
mode,  is  always  ready  to  accept  an  output  control  message  and  an  output 
to  the  ET  display  usually  occurs  in  response  to  an  input  control  massage 
request  coupled  intrinsically  with  readiness  of  the  ET  to  receive  the 
output  message, 

When  output  to  the  ET  Display  occur, s  in  response  to  a  control  message 
r-..,  uest  other  than  those  originating  in  the  Logic  Keyboard,  activation  of 
the  request  control  key  clears  the  ET  Display  so  that  it  is  ready  to 
receive  the  requested  message.  When  the  output,  to  the  ET  Display  occurs 
in  response  to  a  Logic  Keyboard  operation  or  without  operator  request, 
the  ET  Display  is  cleared  by  the  console  on  receipt  of  the  Message  header 
and  prior  to  transmission  of  the  rest  of  the  message.  In  the  latter 
instances,  transmission  of  the  body  of  the  output  mes.3age  Is  delayed  by 
the  receiving  device  for  approximately  16  milliseconds  while  the  ET  Dis¬ 
play  is  cleared. 

The  3155  computer  program  can  precede  the  transmission  of  an  output 
message  by  a  test  of  the  state  of  the  duplex  switching. 

The  actual  output  process  is  initiated  by  executing  an  output  in¬ 
struction  defining  the  destination  device  (with  the  field  selection  char¬ 
acters)  and  the  (Indexed)  memory  location  of  the  first  word  to  be  trans¬ 
mitted,  During  transmission,  this  instruction  is  held  in  a  special  input- 
output  instruction  register,  so  the  computer  can  proceed  with  its  program. 
Core  memory  accesses  are  made  by  interrupt  at  logic  level. 
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The  output  process  begins  with  a  signal  on  the  Output  Priority  Line 
to  the  selected  device.  The  device  must  answer  on  the  Device/Message 
Available  line,  or  the  transmission  aborts.  Transmission  begins  when  the 
first  data  bit  is  on  the  Output  Data  line  and  the  Input/Output  Operation 
line  goes  ON,  Device  clock  pulses  gate  successive  bits  of  the  message. 

The  output  operation  terminates  when  the  device  signals  Output 
Operation  Complete  in  response  to  receipt  of  an  EOM  character. 

If  the  computer  detects  bad  parity  in  a  word  it  is  about  to  trans¬ 
mit,  it  removes  the  Input-Output  Operation  signal,  aborts  the  transmission 
and  causes  an  error  interrupt  in  the  program.  This  condition  is  noted 
in  the  device  and  any  retransmission  is  made  under  program  control. 

If  the  receiving  device  detects  bad  parity  in  a  character,  it  removes 
the  Device/Message  Available  signal,  not  having  sent  an  Output  Operation 
Complete  signal.  This  condition  aborts  the  transmis.sion  and  causes  a 
second  type  of  error  interrupt  in  the  program.  The  processor  program  may 
attempt  to  retransmit  the  aborted  ET  message.  If  errors  persist,  the 
program  may  retransmit  the  ET  message  with  a  special  header.  This  header 
is  recognized  by  the  receiving  device  which  then  accepts  the  entire 
message  regardless  of  parity  errors  and  without  sending  error  signals 
back  to  the  processor  or  aborting  transmission.  The  resulting  ET  Display, 
in  this  instance,  will  show  special  flashing  symbols  in  place  of  charac¬ 
ters  on  which  bad  parity  is  detected. 

If  an  output  instruction  selects  a  device  that  does  not  respond  with 
a  Device  Available  signal,  a  third  type  of  error  Interrupt  occurs.  As 
duplex  switching  status  is  separately  program  testable,  this  error  con¬ 
dition  presumably  indicates  an  inoperative  device. 

The  same  lines  used  for  output  carry  input  messages.  The  input 
process  is  signified  by  an  absence  of  a  signal  on  the  Output  Priority 
1  ine . 


The  input  process  begins  with  a  device  originated  signal  on  the 
Device/Message  Available  line.  A  scanner  selects  one  of  the  devices 
asking  to  input  and  causes  a  program  interrupt.  Transmission  begins 
when  the  computer  executes  an  input  instruction  which  sends  a  signal  to 
the  selected  device  on  its  Input-Output  Operation  line.  The  device 
responds  by  sending  Data  and  Device  Clock,  Core  memory  accesses  are 
made  by  interrupt  at  logic  level.  The  input  instruction  carries  the 
(indexed)  memory  location  where  the  input  message  is  to  start. 

The  input  operation  terminates  when  the  computer  detects  an  EOM 
character  and  signals  Input  Operation  Complete. 

If  the  computer  detects  bad  parity  in  a  word  it  is  receiving,  it 
removes  the  signal  on  the  Input-Output  Operation  line  without  sending 
Input  Operation  Complete.  No  more  characters  will  be  received,  and  an 
error  interrupt  occurs  in  the  program.  The  device  notes  failure  of 
reception  and  the  message  retransmission,  if  desired,  is  performed  by 
the  console  operator. 
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The  device  may  recognize  that  it  has  bad  parity  in  a  character  it  is 
sending  and  abort  the  transmission  by  removing  the  Device/Message  Avail¬ 
able  signal.  This  is  noted  in  the  computer  and  an  error  interrupt  occurs 
in  the  program. 

If  the  device  fails  to  send  its  clock  in  response  to  the  Input-Output 
Operation,  a  hang-up  occurs  in  the  interface.  The  hang-up  is  ended  by 
a  timer  which  frees  the  interface  to  respond  to  other  inputs  and  outputs 
and  generates  a  "Hang-up  Error"  interrupt. 

Any  error  interrupts  to  the  program  in  the  computer  may  be  selectively 
ignored,  under  program  control. 

2. 1  Data  Transmission  Rate 


Data  is  transmitted  between  the  Data  Processor  I/O  register  and 
the  ET  and  control  portion  of  the  integrated  console  at  a  rate  of  720+15% 
kilobits/sec.  Data  is  transmitted  in  a  "Non-Return  to  Zero"  (NRZ)  signal 
mode  to  or  from  the  console  and  is  timed  by  a  console  originated  clock 
signal  establishing  the  actual  rate  of  transfer.  The  maximum  data  trans¬ 
fer  rate  acceptable  by  the  Data  Processor  is  1.1  megabits/sec. 

2 . 2  Message  Formats 

The  two  types  of  messages  transferred  in  the  ET  and  control 
function  interface  are  ET  Display  Messages  and  Control  Messages,  Data 
transmission  formats  are  in  general  governed  by  the  Data  Processor  56  bit 
word  format  which  is  alphanumeric  and  contains  8  characters  each  comprised 
of  6  bits  plus  parity.  Data  is  transmitted  to  and  from  the  processor,,  in 
this  interface,  serially  by  bit  on  a  character  basis.  Each  word  Is  trans¬ 
mitted  with  the  least  significant  bit  of  the  most  significant  character 
first  in  the  sequence  (i.e.,  Bit  1,  Character  7;  Bit  2,  Character  7;..-.. 
Bit  7,  Character  7;  Bit  1,  Character  6;  Bit  2,  Character  6 Bit  7, 

Character  6; . Bit  1,  Character  0;  Bit  2,  Character  0,  etc.)  Normally, 

the  format  of  every  message  transferred  in  this  interface  is  headed  by 
a  control  character,  which  identifies  the  nature  of  the  message,  and  is 
terminated  by  an  "EOM"  character. 

2.2.1  ET  Message  Formats 

ET  messages  from  the  Data  Processor  to  the  console  are 
destined  for  display  on  the  ET  display  surface  and  would  normally  not 
exceed  2370  characters  including  the  message  header  and  the  "end  of 
message"  (EOM)  character  (i.e.,iiie  ET  display  page).  The  length  of  an 
ET  message  is  arbitrary  up  to  this  value.  In  any  event,  the  console 
terminates  the  transmission  on  receipt  of  EOM  or  the  2369th  character, 
whichever  occurs  first. 

ET  messages  transmitted  from  the  console  to  the  Data 
Processor  cannot  exceed  2370  characters  including  the  message  header  and 
the  EOM  character  because  of  limit  in  page  size.  The  actual  length  of 
ET  messages  transmitted  by  the  console  is  arbitrary  up  to  this  number. 
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2. 2. 1.1  Data  Processor  to  Console 


The  message  format  applicable  to  ET  message 
transmissions  from  the  Data  Processor  to  the  console  is  shown  in  Figure  3* 
The  control  character  heading  the  format  has  two  states  applicable  to  ET 
message  transmissions.  These  designate  ET  Type  1  and  ET  Type  2  messages. 
ETl  messages  are  subject  to  interrupt  on  parity  error  detection.  ET2 
messages  are  transmitted  to  the  ET  display  in  entirety  regardless  of  parity 
errors  occuring  during  transmission.  In  the  latter  case^  parity  errors 
are  nevertheless  detected  and  indicated  to  the  console  operator. 

The  control  character  heading  the  ET  message 
occurs  only  in  the  Character  7  position  of  the  first  word  of  the  message. 
Subsequent  words  may  be  fully  packed  with  alphanumeric  symbol  data.  The 
EOM  character  terminating  the  message  may  occur  in  any  character  position 
of  the  appropriate  word  in  the  sequence.  The  first  displayed  character 
in  the  message  is  that  appearing  in  the  Character  6  position  of  the  first 
word  of  the  message.  Subsequent  characters  follow  in  sequence  according 
to  the  Data  Transmission  sequence  described  in  Paragraph  2.2, 

In  an  ET  message  the  only  control  character  used 
other  than  the  header  and  EOM  characters  is  the  "Lower  Case"  code  which 
may  occur  anywhere  in  the  ET  message  and  causes  the  ET  to  perform  the 
"carriage  return/lirie  feed"  function.  No  symbol  is  displayed  on  the  ET 
corresponding  to  this  character  code. 

2 . 2 . 1 . 2  Console  to  Data  Processor 


Tne  message  format  applicable  to  ET  message 
transmissions  from  the  console  to  the  Data  Processor  is  shown  in  Figure 
3  •  The  first  character  transmitted  in  any  ET  message  is  a  control 
character  identifying  the  message  as  an  ET  message  and  in  some  instances 
indicating  to  the  processor  the  operation  to  be  performed  on  the  input 
data.  Bit  positions  5  and  6  of  the  control  character  are  used  to  indicate 
to  the  processor  which  of  the  three  display  pages  available  to  the  ET 
Display  is  being  transmitted.  The.  first  line  of  the  ET  Display  (64  char¬ 
acters)  is  reserved  for  further  Instruction  to  the  processor  regarding  the 
disposition  of  the  following  portion  of  the  message.  This  line  is  used 
for  such  things  as  routing  address,  storage  address,  etc.  Consequently, 
the  format  of  a  complete  ET  input  message  header  consists  of  a  control 
character  followed  by  64  characters  ir.  which  direction  to  the  processor 
is  given  This  is  followed  by  the  body  of  the  ET  message  and  terminated 
by  the  EOM  character.  The  total  ET  input  message,  including  header  and 
EOM,  cannot  exceed  2370  characters.  The  EOM  character  can  occur  anywhere 
in  the  ET  message  following  the  control  character. 

The  control  character  code  is  not  responsive  to 
control  by  the  alphanumeric  keyboard  on  the  console  nor  is  it  displayed 
on  the  CRT,  The  control  character  for  a  given,  message  is  .in  general  set 
up  by  console  pushbutton  action.  Consequently,  a.  direct  relationship 
exists  between  the  character  codes  utilized  and  corresponding  pushbuttons 
on  the  Integrated  Console.  The  utilization  and  significance  of  the  control 
character  codes  available  are  shown  in  Figure  3-. 
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2.2,2  Control  Message  Formats 

All  control  messages  transferred  between  the  DPSS  and 
the  Integrated  Console  are  headed  by  a  control  character  identifying  the 
message  as  a  control  message.  The  control  character  may  also  contain 
other  information  relative  to  the  control  function  to  be  performed. 

2, 2. 2.1  Data  Processor  to  Console 


The  message  format  applicable  to  control  messages 
transmitted  from  the  Data  Processor  to  the  console  is  shown  in  Figure  4(a). 
These  messages  consist  of  two  56  bit  words  and  are  terminated  by  an  EOM 
character  at  the  end  of  the  second  word.  The  control  character  heading 
the  control  message  designates  whether  a  CM  Type  1  (CMl)  or  CM  Type  2 
(CM2)  message  is  being  transmitted.  Parity  error  in  a  CMl  message  does 
not  indicate  error  to  the  console  operator  but  requests  retransmission 
of  the  message  by  the  processor.  If  a  parity  error  occurs  in  a  CM2  message, 
transmission  is  aborted,  all  control  indicators* on  the  receiving  console  are 
not  changed,  and  an  appropriate  error  indicator  is  lit  on  the  Integrated 
Console.  ("Message  Waiting"  counters  on  the  console  remain  at  existing 
count)  (*  Logic  keyboard  indicators  will  be  clearve.d  to  OFF.) 

With  the  exception  of  the  characters  transmitted 
controlling  the  logic  keyboard  indicators,  all  characters  have  "Zero"  in 
bit  positions  4,  5,  and  6.  Logic  keyboard  control  characters  always  have 
a  "one"  in  bit  position  6.  Bits  in  positions  other  th-an  those  fixed 
above  (except  parity)  may  have  any  simultaneous  values  so  that  a  single 
control  message  can  simultaneously  establish  several  control  or  indicator 
conditions.  (Obviously  some  combinations  are  contradictory  and  would  not 
normally  occur)  The  location  and  significance  of  control  message  codes 
are  shown  in  Figure  4(a). 

2. 2. 2, 2  Console  to  Data  Processor 


The  message  format  applicable  to  transmission 
of  control  messages  from  the  console  to  the  Data  Processor  is  shown  in 
Figure  4(b) .  These  control  messages  are  initiated  by  console  pushbuttons 
and  consist  of  four  characters  only.  The  first  character  (Ch,,  7)  uniquely 
identifies  the  message  as  a  control  message  by  means  of  the  values  1111  or 
1001  in  bit  positions  1,  2,  3,  and  4  respectively.  Bits  5  and  6  of  the 
control  character  designate  the  ET  display  page  being  viewed  at  the  time 
of  transmission  of  the  control  message. 

Character  4  of  the  control  message  is  always 
an  EOM  character  signifying  the  end  of  transmission. 

Characters  5  and  6  have  different  meanings  de¬ 
pending  or  whether  the  control  message  is  originated  by  the  Logic  Keyboard 
or  by  a  control  pushbutton.  In  the  former  case,  character  6  indicates 
which  overlay  is  in  place  on  the  Logic  Keyboard  while  character  5  indicates 
which  Logic  Key  was  depressed.  In  the  latter  instance,  character  6  is 
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always  "ZERO"  and  character  5  indicates  which  control  pushbutton  was 
activated.  The  codes  assigned  for  character  position  and  their  signi¬ 
ficance  are  shown,  in.  Figure  4(b). 

2,3  Transmission  Modes 


2.3.1  Data  and  Control  Lines 

The  following  signal  lines  are  used  for  transmission  of 
control  and  ET  messages  to  and  from  the  console.  Several  lines  are  dual 
purpose  carrying  different  signals  depending  on  whether  the.  console  is 
in  the  "Input  Mode"  or  in  the  "Output  Mode.”  "Input  Mode"  is  defined  as 
the  condition  wherein  the  console  is  transmitt.tng  data  to  the  Data  Processor, 
The  "Output  Mode"  exists  when  the  Data  Processor  is  transmitting  data,  to 
the.  console. 


Line 

Input 

Mode 

Output  Mode 

Function 

Signal  Source 

Functi.on 

Signal  Source 

1 

Input 

Data  Proc. 

Output 

Data  Proc. 

Operation 

Operacion 

2 

Input  Op, 

Data  Proc. 

Output 

Data  Proc. 

Complete 

Dcifz^ 

3 

Output 

Data  Proc. 

Output 

Data  Proc. 

Priority 

Pri.o.ri  ty 

4 

Device 

Console 

Devi ce 

Console 

Clock 

Clock 

3 

Input 

Console 

Output  Op. 

Console 

Data 

Complete 

6 

Message 

Console 

Device 

Console 

Avail  able 

Aval  table 

The  functions  of  each  of  these  lines  are  outli’'.ed  below. 

Line  1  ~  Input/Outpur  Operation  (I/O  OP) 

When  in  Input  Mode  this  line  will  go  true  ir.  re.spc'n.se  to  a  "Message 
Available"  signal  from  the  console  when  the  Dac-a  Processor  is  ready  to 
receive  the  message  to  be  transmitted.  Under  tr.ese  conditions,  the  "True" 
state  of  this  line  indicates  that  an  Input  Operation  is  in  progress.  The 
I/O  OP  line  goes  false  if  a  parity  error  is  detected  by  the  processor  in 
the  incoming  message. 
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When  in  output  mode,  this  line  goes  true  in  response  to  a  "Device 
Available"  signal  transmitted  by  the  console  on  receipt  of  a  Data,  Processor 
request  to  output  a  message  (Output  Priority).  The  true  state  of  the 
I/O  OP  line  under  these  conditions  indicates  that  an  output  operation  is 
in  progress.  This  line  will  go  false  if  a  parity  error  is  detected  by 
the  processor  in  trie  output  message. 

Line  2  -  Input  Operation  Complete/Output  Data  (IOC  or  OP) 

In  Input  Mode,  this  line  goes  true  when  the  Data  Processor  success¬ 
fully  receives  an  EOM  character  signifying  the  end  of  the  input  trans¬ 
mission. 

In  Output  Mode,  this  line  carries  the  data  transmitted  by  the 
processor  to  the  console. 

Line  3  -  Output  Priority  (OP) 

In  Input  Mode  this  line  remains  false  indicating  that  the  console  i,s 
in  the  Input  Mode, 

In  Output  Mode  this  line  is  set  true  by  the  processor  to  indicate  to 
the  console  the  stare  of  Output  Message  sequence. 

Line  4  -  Device  Clock 


In  both  Input  and  Output  Modes  this  line  carries  console  generated 
clock  signals  used  to  synchronize  transfers  of  data  to  and  from  the  console. 

Line  5  -  Input  Data/Output  Operation  Complete  (ID  or  OOC) 

In  Input  Mode  this  line  carries  data  transmitted  by  the  console  to 
the  Data  Processor. 

In  Output  Mode  this  line  is  set  true  by  the  console  on  successful 
receipt  of  the  EOM  character  (or  on  receipt  of  2369  characters)  signi¬ 
fying  completion  of  the  transmission.  The  line  will  remain  false  if  a 
parity  error  in  the  transmitted  message  is  detected  at  the  console. 

(Except  when  an  ET2  message  is  transmitted) 

Line  6  -  Message  Available/Device  Available  (M/D  A) 

In  Input  Mode  this  line  is  sec  true  by  the  console  to  indicate  that 
a  message  is  ready  for  transmission  to  the  Data  Processor,  Provided  the 
OP  line  is  false,  the  true  state  of  this  line  causes  an  "input  interrupt" 
and  places  the  console  in  the  input  mode. 

In  the  Output  Mode  this  line  goes  true  in  response  to  receipt  of  an 
Output  Priority  (OP)  signal,  signifying  chat  the  console  is  operating  and 
ready  to  receive  an  output  message.  This  line  will  go  false  if  a  parity 
error  in  the  transmitted  message  is  detected  at  the  console.  This  line 
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is  interlocked  with  other  console  originated  signal  lines  to  ensure  that 
no  console  error  or  failure  will  tie  up  the  I/O  interface  of  the  central 
processor.  The  false  state  of  this  line  signifies  functional  disconnection 
of  the  console  of  "Device  Not  Available." 

2.3.2  Normal  Output  Operation  (DP  to  1C) 

The  relative  timing  of  signals  and  data  relevant  to  an 
output  transmission  is  shown  in  Figure  5(a), 

An  output  operation  is  initiated  by  the  Data  Processor 
by  causing  the  Output  Priority  Line  (OP)  to  go  true.  In  response  to  this 
action  the  Device  Available  line  must  be  set  true  by  the  console  within 
6|j,  seconds.  If  the  Device  Available  line  does  not  go  true  after  2p  seconds 
and  before  bp  seconds  after  the  OP  line  goes  true,  or  is  true  before  OP 
goes  true,  a  'Hang-up  Error"  Interrupt  of  the  Data  Processor  will  occur 
causing  the  console  to  be  functionally  disconnected  for  that  operation. 

The  Output  Operation  line  will  go  true,  signifying  com¬ 
mencement  of  output  transmission,  in  response  to  the  console  originated 
Device  Available  signal  at  8'+-2p  seconds  after  the  Output  Priority  line 
goes  true.  The  first  data  bit  is  present  on  the  Output  Data  line  at  the 
time  that  the  Output  OP  line  goes  true.  The  console  then  supplies  clock 
pulses  on  the  Device  Clock  line  controlling  output  of  data. 

Upon  receipt  of  the  EOM  character  signifying  the  end  of 
the  transmission,  the  console  switches  the  Output  Operation  Complete  line 
(OOC)  to  the  true  state  for  one  bit  period.  In  response  to  the  true 
state  of  the  OOC  line  the  processor  returns  the  Output  OP  and  Output 
Priority  lines  to  the  false  state.  Clock  pulses  are  supplied  by  the 
console  until  the  Ouput  Operation  line  goes  false.  The  Device  Available 
line  will  be  set  false  by  the  console  at  the  end  of  an  output  operation, 
coincident  with  the  return  of  OOC  to  the  false  state. 

The  sequential  states  of  the  various  control  signals 
during  an  output  operation  are  summarized  in  Table  1  below. 


:all 

Response 

Transmit  j  End  OP 

Receive 

Error 

Send 

Error 

device 

I noperative 

OP-iVl 

. 

M/D  A->1 

0P=1 

M/D  A=1 

ooc=o 

I/O  -^1 

OOC™>1 

(EOM  or 
full  page) 

m/d  A"*>0 

1/0  0P=1 

ooc=o 

I/O  OP-4-0 

OP-vt) 

Hang-up  error 
if: 

No  M/D  A-i>l 

or 

0P~*1 

Attempted  i 

when  ‘ 

:i/b  A  ■>!  1 

TABLE  1 
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The  ET  Display  cursor  is  normally  positioned  over  the 
EOM  character  after  completion  of  a  data  transfer  from  the  processor. 

If  a  full  page  transfer  is  made  (2369  characters  including  header)  the 
cursor  is  automatically  positioned  in  the  first  position  of  the  second 
line  of  the  ET  Display. 

2.3.3  Normal  Input  Operation  (IC  to  DP) 

The  relative  timing  of  control  signals  and  data  relevant 
to  an  input  operation  is  shown  in  Figure  5(b). 

An  input  operation  is  possible  only  when  the  Output 
Priority  line  is  false.  Under  these  conditions  the  input  operation  is 
initiated  by  the  console  setting  the  Message  Available  line  (M/D  A.)  true 
as  a  response  to  operator  action. 

In  response  to  a  true  level  on  the  Message  Available 
line,  the  processor  sets  the  Input  Operation  line  true  under  program  con¬ 
trol.  Clock  pulses  and  data  are  then  sent  to  the  processor  by  the  coc.sole 
on  the  Device  Clock  and  Input  Data  lines. 


Upon  receipt  of  the  EOM  character  signifying  the  end  of 
transmission,  the  processor  sets  the  Input  Operation  Complete  line  (IOC) 
true.  The  console  must  respond  to  a  true  level  on  the  IOC  line  by  re¬ 
turning  the  Message  Available  line  to  the  false  state. 


The  processor  then  returns  the  Input  Operation  li.?.e  to 
the  false  state  on  receipt  of  EOM  signifying  coinplei:ion  of  the  input 
operation.  The  Device  continues  to  send  clock  pulses  until  the  IOC  line 
is  set  false  by  the  processor. 


The  normal  sequence  of  control  signals  occuririg  in  an 
input  operation  is  summarized  in  Table  2  below. 


Call 

Response 

Termination 

Receive 

Error 

Send 

Error 

M/D  A^l 

OP=0 

I/O  0P->1 

M/D  A=1 

I0C=0 

OP=0 

IOC-^1 

OP=0 

(on  receipt 

of  EOM) 

I/O  0P->0 

I0C=0 

OP=0 

M/D  A-40 

I0C=0 

I/O  0P=1 

OP=0 

No  M/D  A-W 

on  call 

TABLE  2 
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2 . 4  Error  Considerations 

In  general,  three  types  of  malfunction  can  occur  in  the  DPSS/ICSS 
interface  causing  errors  in  operation.  These  are  errors  in  the  data  being 
transmitted,  errors  in  control  line  levels  or  sequence  of  operation  and 
operator  procedure  errors.  Reliance  is  placed  on  parity  checking  and  in 
some  instances  code  legality  checks  to  discover  errors  in  data  transmission 
and  initiate  appropriate  action.  Parity  is  checked  both  at  the  console 
and  at  the  Data  Processor  M  Register  on  all  message  transmissions  and 
error  conditions  indicated  to  the  operator.  Control  line  errors  are 
detected  or  prevented  by  functional  or  direct  interlocking  where  feasible 
particularly  if  such  errors  cause  unwarranted  serious  degradation  of  the 
system.  In  the  latter  case,  if  a  console  is  the  source  of  the  error  con¬ 
dition,  special  devices  are  used  to  ensure  that  total  interface  hang-up 
does  not  occur. 

Operator  procedure  errors,  where  not  inhibited  by  console  inter¬ 
locks  are  in  general  detected  by  the  processor  program  and  indicated  to 
the  operator  via  the  procedure  error  indicator  and  if  appropriate  by  an 
ET  display  or  console  printer  message. 

Two  of  the  control  lines  are  used  to  signify  error  conditions 
detected  at  the  processor  and  at  the  console.  The  Input/Output  Operation 
line  (I/O  OP)  is  used  to  signal  the  console  that  an  error  condition  is 
detected  at  the  processor  while  the  Me.ssage/Device  Available  line  (M/D  A) 
is  used  to  signal  the  processor  regarding  error  conditions  detected  at 
the  console.  In  both  instances,  the  fal.se  state  of  these  lines  when  they 
would  normally  be  expected  to  be  true  signifies  an  error  condition  and 
halts  or  prevents  the  operation  in  progres.s.  In  either  case,  a  data 
processor  interrupt  occurs  allowing  the  progr.am  and/or  the  console  oper¬ 
ator  to  take  appropriate  remedial  action. 

2.4.1  Error  in  Output  Operation  (DP  to  1C) 

An  output  operation  will  consist  of  either  an  ET  message 
transmission  or  a  control  message  transmission.  In  either  case  parity  is 
checked  at  the  Data  Processor  M  Register  prior  to  entry  of  data  into  the 
I/O  word  register.  Parity  errors,  if  they  occur,  are  detected  at  the  end 
of  the  word  and  cause  the  processor  to  set  the  i/0  OP  line  false.  A  false 
level  on  the  I/O  OP  line  in  conjunction'  with  the  false  state  of  the  OOC 
line  and  the  true  state  of  the  M/D  A  line  indicates  a  Data.  Processor  de¬ 
tected  parity  error.  Transmission  of  the  me-ssage  is  stopped  and  the  con¬ 
sole  disconnected,  by  virtue  of  the  I/O  OP  line  going  fa.l.3e,  and  an  "M" 
Register  Parity  Error"  interrupt  occurs. 

Parity  checking  of  both  El  and  control  messages  also 
occurs  at  the  console.  In  addition  the  console  performs  legality  checks 
on  the  first  character  (control  character)  of  each  incoming  message.  In 
event  of  a  console  detected  error  the  console  will  cause  the  M/D  A  line 
to  go  false  and  continue  to  send  clock  pul.ses  until  the  Input/Output 
Operation  line  (I/O  OP)  goes  false.  The  processor  will  set  the  I/O  OP 
and  the  Output  Priority  lines  false  v^ithin  ^  seconds  after  the  M/D  A 
line  goes  false,  generate  a  "Data  Parity  Err^r"  Interrupt,  and  disconnect 
the  console. 
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In  the  normal  sequence  of  operations,  detection  by  the 
console  of  the  EOM  character  terminating  a  message,  or  receipt  of  2369 
characters  causes  the  console  to  set  the  M/D  A  line  to  false  state  ter¬ 
minating  transmission  and  freeing  the  processor  I/O  interface  to  service 
other  devices.  Failure  by  the  console  to  detect  EOM  will  cause  trans¬ 
mission  to  continue  until  the  2369th  "character*'  is  received.  If  this 
condition  fails  to  terminate  transmission,  a  timer  in  the  Data  Processor 
will  automatically  terminate  the  operation.  Any  ET  or  Control  message 
output  not  terminated  normally  or  by  a  detected  error  will  be  terminated 
by  the  processor  in  45-85*  milliseconds,  disconnecting  the  Console  from 
this  interface.  The  output  operation  is  thereby  terminated  and  an  "I/O 
Hang-up  Error"  interrupt  generated.  ‘'j-:.!-...':.-, r-la  '-v 

All  parity  errors  are  indicated  to  the  operator.  If  a 
parity  or  illegal  code  error  is  detected  in  the  first  character  of  an 
output  message  the  console  cannot  determine  what  type  of  message  is  bei.og 
received.  The  processor  will  attempt  to  retransmit  the  message  in  which 
the  error  was  detected.  After  the  third  unsuccessful  attempt,  the  message 
is  aborted  and  an  indicator  on  the  console  lit  signifying  the  inoperative 
state  of  that  console  or  output  channel. 

2.4. 1.1  ET  Message  Error  Operations 

ET  messages  are  normally  transmitted  to  the 
console  with  an  ETl  control  character.  Parity  or  other  errors  detected 
in  the  ETl  message  are  indicated  to  the  processor  as  described  above  and 
cause  cessation  of  transmission  and  drsco.anection  of  che  console.  Under 
program  control,  the  processor  may  retransmit  tbe  me.ssage  with  an  ETl 
control  character.  If  errors  occur  the  second  time,  the  processor  may 
elect  to  retransmit  the  message  w.ilth  ar.  ET2  control  character.  This 
control  character  causes  the  console  to  accept  the  message  regardless  of 
p.T  ity  errors  (except  in  1st  character)  and  display  the  message.  Under 
these  conditions,  characters  on  which  parity  errors  are  detected  are 
displayed  as  a  special  blinking  symbol  (0), 

2 . 4 . 1 . 2  Control  Message  Error  Operations 

Control  messages  are  normally  transmitted  to 
the  console  with  a  CMl  control  character  header.  If  a  parity  error  is 
detected  on  a  CMl  control  message,  transmission  is  halted  as  above  and 
the  control  message  is  ignored.  Under  program  control  the  CMl  message 
may  be  retransmitted  by  the  processor.  On  a  third  attempt,  the  Proces-sor 
may  change  the  control  character  to  a  CM2  header.  The  console  detects 
this  header,  ignores  the  input  message  if  a  parity  error  is  detected  -no 
indicates  an  error  condition  to  the  operator  .  Connrol  lndicator.s  remain 
unchanged.  Further  remedial  action  may  be  tatcen  by  the  processor. 

2.4. 1.3  Control  Line  Error  Operations 

Control  lines  active  during  an  output  operation 
may  fail  in  either  the  false  or  the  true  state  at  either  the  transmitting 
or  receiving  end.  Console  clock  pulses  may  fail  preventing  transfer  of 
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data  out  of  the  Processor  I/O  register.  Since  unilateral  failure  of  the 
console  clock  can  cause  serious  degradation  of  I/O  interface  this  line 
where  feasible,  is  interlocked  with  the  Message/Device  Available  line  at 
the  console  so  that  failure  of  clock  signals  will  cause  the  M/D  A  line 
to  go  false  effectively  disconnecting  the  console.  A  summary  of  the 
effects  of  control  line  error  on  an  output  operation  is  given  below.  It 
is  assumed  that  only  one  control  line  Will  fail  at  a  time.  When  a  timed 
disconnect  occurs,  this  means  that  the  output  operation  is  terminated  by 
the  processor,  the  console  is  disconnected  from  the  I/O  interface  and  an 
"I/O  Hang-up  Error"  interrupt  is  generated. 

Line  1  -  Input/Output  Operation 

Error  1 


1/0  OP  Locked  False 
Result 


Timed  disconnect  occurs. 

Error  2 

I/O  OP  Locked  True 
Result 


Not  absolutely  determined.  Either  a  normal  transmission  or  a  timed 
disconnect  will  occur. 

Line  2  -  Output  Data  Line 

Locked  in  False  or  True  state 

Result 


This  will  cause  a  first  character  parity  or  illegal  code  error  at  the 
console  causing  disconnection  of  console  and  a  processor  interrupt. 

Line  3  -  Output  Priority  (OP) 

Error  1 


OP  Locked  False 
Result 


Fails  to  signal  output  operation  to  console.  Absence  of  M/D  A->1  re* 
sponse  from  console  signifies  "Device  Inoperative"  causing  "Hang-up 
Error"  interrupt. 

Error  2 


OP  Locked  True 
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Result 


Timed  disconnect  occurs 
Line  4  -  Device  Clock 


Error 

Failure  of  clock  signals 
Result 

This  condition  is  interlocked  with  M/D  A  line  causing  a  false  condition 
of  this  line  and  appropriate  disconnect  and  processor  interrupt  actions. 
Timed  disconnect  occurs  if  error  is  not  disconnected  by  other  means. 

Line  5  -  Output  Operation  Complete  (OOC) 

Error  1 

OOC  Locked  False 
Result 

Similar  to  failure  to  receive  EOM  or  detect  end  of  page.  Timed  disconnect 
occurs. 

Error  2 


OOC  Locked  True 
R- jjlt 

Processor  sends  only  one  character  and  ceases  transmission.  Programming 
implications  not  determined. 

Line  6  -  Message/Device  Avaiiable  (M/D  A) 

Error  1 


M/D  A  Locked  False 
Result 


Signifies  Device  Inoperative  to  Processor.  A  "Hang-up  Error"  interrupt 
occurs  if  the  processor  attempts  to  output.  If  this  occurs  during  an 
output  operation,  a  "console  detected  error"  is  indicated  causing  an 
attempt  at  retransmission  and  consequent  "Hang-up  Error"  interrupt. 

Error  2 


M/D  A  Locked  True 
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Result 


If  this  condition  exists  prior  to  an  output  operation,  the  console  is 
locked  in  the  input  mode  and  a  "Hang-up  Error"  interrupt  occurs  on 
attempt  to  output. 

If  this  occurs  during  an  output  operation,  a  timed  disconnect  will  occur. 

2.4.2  Error  in  Input  Operation.  (IC  to  DP) 

An  input  operation  will  consist  of  either  an  ET  message 
or  a  control  message  transmission  from  the  console  to  the  Data  Processor. 
Parity  is  checked  both  at  the  console  and  at  the  Data  Processor.  The 
response  to  error  conditions  is  identical  for  both  ET  and  control  messages. 

Parity  errors  on  an  input  message  are  detected  by  the 
Data  Processor  at  the  end  of  a  word  on  transfer  of  this  word  from  the 
I/O  register  to  the  DP  "M  Register",  A  detected  parity  error  will  cause 
the  processor  to  set  the  Input  Operation  line  to  the  false  scate  without 
sending  Input  Operation  Complete,  terminate  the  iiaput  operation  and 
generate  an  "I/O  M  Register  Error"  interrupt.  The  console  will  recognize 
this  early  termination  as  a  Data  Processor  detected  parity  error,  switch 
the  M/D  A  line  to  the  false  state  and  notify  the  operator  that  a  trans¬ 
mission  error  has  occurred. 

Parity  errors  in  an  input  message  detected  at  the  con¬ 
sole  cause  the  console  generated  M/D  A  line  to  go  false  terminating  the 
input  operation.  Indication  of  input  transmission  error  is  given  to  the 
operator  and  to  the  program  as  a  "Data  Parity  Error"  interrupt.  (The 
computer  recognizes  the  early  termination  as  an  error) 

The  console  is  not  disconnected  immediately  on  the 
occurrence  of  an  error  Interrupt.  The  program,  however,  can  examine  the 
Input  Scanner  to  determine  which  console  is  causing  the  error,  disconnect 
that  console  and  allow  the  scanner  to  proceed  to  the  next  device. 

The  stepping  circuits  of  the  scanner  are  inhibited  by 
the  presence  of  an  error  condition  setting  any  of  the  detailed  error 
flip-flops  associated  with  the  processor  I/O  interface.  The  scanner  will 
continue  to  select  the  last  device  used  for  input  until  either  the  "Ignore 
Error"  flip-flop  is  set  or  the  detailed  error  flip-flop  is  reset  by  the 
computer  program. 


If  the  input  operation  does  not  terminate  normally  or 
by  a  detected  error  it  will  be  terminated  by  the  processor  in  to  85 
milliseconds,  generating  an  "I/O  Hang-up  Error"  interrupt.  Program  re- 
sponce  to  the  interrupt  can  cause  the  Input  scanner  to  step  to  the  next 
device,  disconnecting  the  affected  console. 

Procedure  errors  in  input  operations,  where  r.oc  inbiti  >■  r.->d 
by  functional  or  electrical  interlocks  at  the  console,  are  detected  by  tlie 
computer  program  and  the  console  operator  notified  by  a  special  indicator, 
and  at  tlie  discretion  of  the  program,  by  au  ET  Display  or  console  printer 
message . 
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In  general,  errors  occur ing  in  transmission  of  El  or 
control  messages  terminate  the  input  operation  and  notify  the  console 
operator  that  an  error  condition  exists.  Retransmission  of  the  message 
Is  achieved  by  the  operator  if  desired  by  repeating  the  input  operation 
that  failed.  Persistent  failure  to  achieve  a  successful  input  transmission 
Indicates  console  or  DP  interface  failure  requiring  maintenance. 

2 . 4 . 2 . 1  Control  line  Errors 

The  contrci  lines  relevant  to  an  input  operation 
may  fail  in  either  a  f ai  se  or  a  true  state  at  eitrier  the  console  or  the 
Data  Processor.  Where  necessar;/  to  prevent  1/0  interface  hang-up,  the 
controlling  levels  are  functionally  or  electrically  interlocked.  A  sum¬ 
mary  of  the  effects  of  control  line  failures  on  an  Input  operation  is 
given  below. 

Line  1  -  Input/Output  Operation  (I/O  OP) 

Error  1 


I/O  OP  Locked  in  False  State 
Result 

Timed  disconnect  occurs 
Error  2 


I/O  OP  Locked  True 
Result 


Not  fully  determined 

Line  2  -  Input  Operation  Complete  (TOC) 
Error  1 

IOC  Locked  False 
Result 


This  condition  causes  action  similar  to  "Computer  Detected  Error"  at  the 
console  causing  the  M/D  A  line  to  go  false.  Transmission  is  terminated 
normally  and  error  conditLon  Indicated  to  the  operator. 

Error  2 


IOC  Locked  True 
Result 


This  will  c^iuse  early  termination  of  *'he  Ir’uut  ooera^lon  and  causes  a 
processor  detected  "Data  Parity  Error"  interrupt. 
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Line  3  -  Output  Priority  (OP) 
Error  1 

OP  Locked  False 


Result 


No  significant  effect  on  input  operation  unless  true  at  processor  end. 
If  true  at  processor  end,  a  "Hang-up  Error"  Interrupt  will  occur  if  an 
Output  operation  is  attempted. 

Error  2 

OP  Locked  True 


Result 

inhibits  input  operation.  No  hang-up  of  I/O  interface  will  occur. 

Line  4  -  Device  Clock 

Error 

Locked  True  or  Falsa 
Resiilt 

A  timed  disconnect  will  occur  generating  a  "Hang-up  Error"  interrupt. 

l.ine  5  -  Input  Data 

Error 


l.'jcked  True  or  False 
Result 

Because  of  normal  NRZ  operation  of  this  line.,  false  condition  will  trans¬ 
mit  a J J  zeros.  Parity  error  detectiou  will  ho.lt  transmission  and  signal 
console  operator.  If  locked  true,  all  o^es  will  be  transmitted  and  a 
timed  disconnect  will  occur  freeing  the  interface. 

Line  6  -  Message/Device  Available  Qi/D  A) 


Error  1 


M/D  A  Locked  in  False  State 
Result 

No  input  operation  car  be  initiated.  Console  is  in  the  "Device  i.r-.oper- 
ative"  state. 
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Error  2 


M/D  A  Locked  in  True  State 
Result 


The  console  will  be  in  continuous  iap.it  mode  because  of  priority  of  Input 
mode  over  Output  mode.  A  timed  disconnect  will  occur  generating  a  "Hang¬ 
up  Error"  interrupt. 

2 . 5  Sutmaary  of  Console  Key  FunciT.ioa.s  Pro-'-idlng  Inputs  to  the  Data 
Processor  Via  the  ET  and  Control  Int e r f ac e 


The  following  console  keys  transmit  control  messages  or  control 
characters  plus  ET  messages  from  the  console  t:-  the  Data  Processor.  The 
functions  to  he  performed  by  these  keys  wlil  fee  fully  described  ir  tech¬ 
nical  memoranda  pertaining  to  the  design  of  the  integrated  console.  A 
number  of  spare  keys  and  spare  codes  will  exist  oa  the  console  to  accom¬ 
modate  a  reasonable  number  of  additions. 

2.5.1  The  following  keys  generate  a^'.d  rnsert  a  unique  control 
character  in  the  ET  message  header  and  initiate  transmission  of  the 
combined  ET  message  to  the  processor.  Subrsequent  action  is  initiated 
and  carried  out  by  the  DPSS  program.  The  control  character  includes 
designation  of  the  ET  display  page  being  viewed  at  the  time  of  transmission. 

Name _ _ P'  un  c  r.  ion  _ 


1. 

ENTER 

Eater  ET  page 

2, 

LINE  PRINTER 

Enter  ET  page  and  print  entire  related 
message  o.,,  .line  printer. 

3. 

CONSOLE  PRINTER 

Enter  ET  pe;ge  and  print  displayed  page 
-Hi  cvonsole  printer. 

4. 

NEXT  PAGE 

Enter  ET  page,  clear  ET  display  and 
d-l splay  Tdi.rt  page  in  sequence. 

5. 

PREVIOUS  PAGE 

Enter  El  pagty,  c'le.rr  ET  display  and 
dl.spiay  previous  page,  in  sequence. 

6. 

STORE  MESSAGE 

Enter  ET  page  and  store  total  related 
message  in  location  designated  in 

header . 


ROUTE  MESSAGE  (TENTATIVE) 


Eater  ET  page  and  route  related  message 
to  destination  indicated  in  header. 
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2.5.2  The  following  keys  generate  and  Insert  unique  codes  for 
the  control  character  and  the  third  character  of  a  control  message,  and 
initiate  transfer  of  a  four  character  control  message  to  the  processor. 
The  second  and  fourth  characters  of  these  control  messages  are  "ZERO" 
and  EOM  respectively.  The  control  character  includes  designation  of  the 
ET  Display  page  being  viewed  at  the  time  of  transmission. 

Name _  Function _ 


1 .  HARD  COPY 


2.  PRIORITY/MESSAGE  ACCEPT 


Initiate  M“C  display  hard  copy  cycle 
and  notify  processor  for  security 
logging. 

Clear  ET  Display  and  request  display 
of  next  priority  or  ET  message  in  queue. 


3.  ERROR/REPLY  ACCEPT  Clear  ET  Display  and  request  display 

of  next  message  in  "Retrieval"  and 
"Procedure  Error"  queue. 


4.  MESSAGE  ACCEPT  (M-C  DISPLAY) 

5 .  FORMAT  INDEX 

6 .  CANCEL  OPERATION 


Request  display  of  next  M-C  display 
in  queue. 

Clear  ET  Display  and  request  display 
of  index  of  formats. 

Request  procesS'-'r  to  cancel  all  oper¬ 
ations  initiated  by  this  console. 


2.5,3  The  following  keys  generate  unique  codes  for  the  control 
character  and  the  third  character  of  a  control  message.  The  second  char¬ 
acter  in  these  control  messages  is  a  unique  code  determined  by  the  desig¬ 
nator  of  the  overlay  in  position  on  the  logic  keyboard.  The  fourth  char¬ 
acter  of  all  control  messages  is  EOM.  The  control  character  includes 
designation  of  the  ET  Display  page  being  viewed  at  the  time  of  transmission. 


Name 

Function 

Start 

(Overlay) 

Start  sequence  of  operations  identified 
by  the  overlay  descriptor;  light  initial 
options . 

Logic 

Pushbuttons 

Perform  operation  associated  with 
particular  overlay  key  and  overlay 
descriptor  indicated. 

Code  assignments  for  the  above  functions  and  their 
location  in  the  appropriate  message  formats  are  shown  in  the  message  for¬ 
mat  diagram. 
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2. 6  Summary  of  Console  Indicators  Activated  by  Qijtputs  from  the 
Data  Processor  Via  the  ET  and  Control  Interface 

2.6.1  The  following  console  indicators  are  activated  by  control 
messages  from  the  Data  Processor. 

Name _ Function  _ _ _ 


1.  PRIORITY/MFSSAGF,  COUNTER 


2.  "PRIORITY/MESSAGE  ACCEPT" 
P.  B.  Indicator 


3.  "ERROR/REPLY  ACCEPT" 
P.  B.  Indicator 


4.  "MESSAGE  ACCEPT" 

P.  B.  Indicator  (M-C) 


5.  "KEYBOARD  ACTIVATE" 
P.  B.  Indicator 


6.  "START" 


7 .  LOGIC  KEYS 


Indicates  number  of  priority  and 
routed  messages  waiting  in  queue  for 
transmission  to  console. 

Indicates  "Priority"  messages  waiting 
if  top  half  of  dual  indicator  is 
flashing  red.  Indicates  non-priority 
routed  messages  waiting  if  only  white 
portion  of  indicator  lit. 

Indicates  that  "Query"  reply  or 
"Procedure  Error"  message  is  ready 
for  transmission  to  console.  Dual 
indicator  shows  red  for  "Procedure 
Error"  message,  white  for  "Reply" 
message. 

Indicates  that  a  message  is  ready 
for  transmission  to  the  console  M-C 
Display. 

Indicates  OFF,  ENABLED  and  ACTIVE 
state  of  ET  Keyboard.  May  be  switched 
between  ENABLED  state  (green)  and 
ACTIVE  state  (white)  by  Data  Processor 
Control  message  as  well  as  by  oper¬ 
ator  action. 

Indicates  initial  condition  of  Logic 
Key  operation  or  option  to  restart 
under  control  of  processor  or  oper¬ 
ator. 

Indicate  permissible  options  in 
Logic  Keyboard  overlay  sequence 


All  control  pushbuttons,  logic  keys  and  local  function  keys  with  the 
exception  of  power  switches,  error  indicator  P.  B.'s  and  miscellaneous 
test  or  adjustment  controls  are  disabled  during  transmission  of  a 
message  from  the  console  to  the  DPSS  and,  if  the  transmission  is  suc¬ 
cessful,  remain  disabled  until  the  DPSS  sends  an  appropriate  enabling 
control  message.  These  control  keys  and  pushbuctons  are  also  disabled 
during  transmission  of  messages  from  the  DPSS  to  the  console  and  when 
the  console  is  in  the  "STANDBY"  condition. 
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2.6.2  The 

line  conditions  in  the 
or  by  internal  console 

following  ET  indicators  are  activated  by  control 

ET  and  control  portion  of  the  console  interface 
action  related  to  data  transfers. 

Name 

Function 

OUT  OF  ORDER 

Indicates  detected  error  in  trans¬ 
mission  from  processor  to  console 

RE-ENTER 

Indicates  detected  error  in  trans¬ 
mission  from  console  to  processor 

The  names  assigned  for  the  above  keys  and  indicators 
are  subject  to  change  although  the  functions  are  as  indicated. 

2 . 7  Character  Codes  and  Symbol  Set 

(See  Appendix  A) 

2 . 8  Physical  and  Electrical  Interface 

The  electrical  characteristics  of  the  signals  in  the  ET  and 
Control  interface  are  as  follows; 

-  A  logical  "True"  level  (1)  is  represented  by  8. 5+2. 5  Volts 

-  A  logical  "False"  level  (0)  is  represented  by  0+1.0  Volts 

-  Rise  and  fall  times  on  all  signals  will  be  between  0.1  and 
0.3  microseconds. 

The  input  impedance  presented  to  a  line  by  the  receiving  device 
shall  be  75  ohms  +  10%  for  either  logical  level.  The  driving  or  output 
impedance  is  not  specified;  provision  should  be  made  to  add  a  75  ohm 
resistor  if  it  is  required  for  termination  purposes, 

75  ohm  coaxial  cable  with  a  capacity  no  greater  than  23  pico¬ 
farads/foot  will  be  used  for  all  data  and  control  lines  between  the 
console  and  the  processor.  Cable  lengths  have  not  yet  been  determined. 

Detailed  electrical  and  physical  characteristics  are  to  be 
determined  and  specified  in  the  detailed  subsystem  interface  specification  . 
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3.0  MULTI-COLORED  DISPLAY  INTERFACE 

(TENTATIVE  LARGE  PANEL  DISPLAY  INTERFACE) 

Display  messages  for  all  M-C  and  Large  Panel  displays  are  output 
via  a  portion  of  the  Mass  Memory  disk  file  designated  as  the  Mass 
Memory  Buffer  Store  (MMBS) .  This  MMBS  has  a  capacity  of  16,000 
words  which  is  shared  among  fifteen  output  channels.  Eleven  of  these, 
output  channels  are  assigned  for  M-C  displays  while  four  are  reserved 
for  Large  Panel  Display  outputs.  Display  messages,  or  portions 
thereof,  sent  to  the  MMBS  have  destination  addresses  identifying  the 
appropriate  output  channels  and  these  messages  are  automatically 
routed  to  the  displays  connected  to  these  channels  at  display  demand 
rates.  Each  output  channel  contains  a  circulating  register  capable 
of  holding  two  16-word  blocks  of  a  display  message  and,  except 
during  block  accesses  from  Che  MMBS,  providing  simultaneous  output  to 
all  displays. 

An  outline  of  the  M-C  (and  LP)  display  interface  is  shown  in 
Figure  6. 

The  MMBS  is  loaded  by  the  processor  under  program  control  by 
a  File  Command  which  initiates  the  display  message  output  operation. 
Processor  loading  of  the  MMBS  is  by  16-word  block  units.  Output 
of  data  from  the  MMBS  to  the  circulating  registers  in  Che  output 
channels  is  also  by  16-word  block  units.  Outputs  to  each  M-C 
Display  is  by  word  demand  from  the  associated  circulating  register 
containing  two  16-word  blocks  of  the  display  message.  Transmission 
of  display  messages  from  all  output  channels  can  proceed  simultaneously 
and  independently  except  for  block  accesses  to  the  MMBS  which  may 
interfere  with  one  another  or  may  be  interfered  with  by  processor 
loading  of  the  MMBS. 

Transmission  of  a  display  message  to  a  particular  M-C  display 
will  continue,  subject  to  word  demand  signals  from  the  M-C  display, 
until  the  MMBS  is  depleted  of  blocks  with  the  corresponding  destina¬ 
tion  address.  This  may  or  may  not  be  the  end  of  the  complete 
display  message  since  the  processor  may  transfer  a  very  long  display 
message  into  the  MMBS  in  several  sections  to  avoid  occupying  an 
excessive  amount  of  the  available  MMBS  storage  capacity  to  service, 
only  one  display  device. 

The  processor  is  notified  by  a  special  interrupt  when  the  MMBS 
is  depleted  of  blocks  for  a  particular  display.  Then,  and  only  then, 
can  additional  blocks  for  that  display  be  entered  by  the  processor 
into  the  MMBS . 

The  end  of  a  display  message  transmission  to  a  particular  M-C 
display  is  signified  by  the  occurrence  of  an  EOM  character.  It  is 
a  program  requirement  that  the  EOM  character,  when  it  occurs,  coincide 
with  the  depletion  of  blocks  in  the  MMBS  for  the  associated  display. 
Otherwise,  an  error  condition  will  occur  causing  an  interrupt  to 
be  generated. 
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3 . 1  Data  Transmission  Rate 


M-C  display  data  transmission  from  the  MMBS  output  channel 
to  the  display  console  is  by  word  demand  at  a  maximum  rate  of  approx¬ 
imately  180  words  per  second.  Data  transmission  in  this  interface  is 
one  way  only,  no  messages  from  the  M-C  Display  being  transmitted  to  the 
processor  via  this  route.  Control  messages  for  the  M-C  display  are 
routed  through  the  ET  and  Control  interface. 

In  most  instances  the  Mass  Memory  Buffer  will  supply  a  word 
to  the  M-C  Display  within  a  maximum  of  5.6  milliseconds  after  receipt 
of  a  word  demand  signal  from  the  console.  Words  are  transmitted  bit 
serially  at  a  rate  of  356  +  10%  kilobits/sec.  as  determined  by  the 
MMBS  clock.  The  least  significant  bit  of  the  most  significant  char¬ 
acter  is  transmitted  first  as  in  the  ET  and  control  interface. 

Each  character  is  processed  by  the  M-C  display  device  in 
approximately  1  millisecond.  Vectors  require  a  maximum  of  10  milli¬ 
seconds.  If  a  character  or  vector  is  to  be  displayed  in  a  color 
different  from  that  of  the  preceding  transmitted  symbol,  an  additional 
100  milliseconds  is  required  by  the  device  in  order  to  effect  the  color 
changes . 


3 . 2  M-C  Message  Formats 

M-C  messages  from  the  DPSS  to  the  console  are  of  arbitrary 
length  and  are  terminated  by  an  EOM  character.  When  the  EOM  character 
is  received  by  the  console,  the  transmi.ssion  is  terminated  and  the 
M.-C  display  image  is  processed. 

The  message  formats  applicable  to  M-C  message  transmissions 
are  shown  in  Figure  7. 

Three  types  of  word  formats  are  used  in  the  M-C  message, 
Reference  Slide  Selection  Words,  M-C  Character  Words,  and  M-C  Line 
Coordinate  Words.  Each  type  of  word  is  headed  by  a  control  charac¬ 
ter  identifying  the  word  and  determining  the  color  of  the  printed 
character  or  line.  The  remainder  of  the  word  identifies  the  reference 
slide  or  contains  coordinate  and  character  information. 

In  order  to  display  a  line  it  is  necessary  to  send  two  words 
in  sequence  to  the  console,  one  designating  the  initial  coordinate, 
the  second  designating  the  final  coordinate.  Color  designation  is 
repeated  in  both  control  characters.  If  two  different  colors  are 
designated,  the  second  color  only  is  recognized  and  implemented  by 
the  M-C  display . 

The  reference  slide  selection  word  contains  the  selected 
slide  number  in  characters  0,  1  and  2.  The  first  bit  of  character  2 
has  numerical  weight  256;  the  4th  bit  of  character  1  has  numerical 
weight  128,  etc.  If  more  than  one  slide  selection  command  occurs  in 
a  message,  only  the  first  such  command  will  be  honored  by  the  console. 
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The  character  designation  word  contains  the  designated 
alpha-numeric  character  in  character  6.  X  and  Y  coordinates  of 
the  character  display  position  are  contained  in  characters  5,  4,  and 
3  and  characters  2,  Ij  0,  respectively.  X  and  Y  position  informa¬ 
tion  is  in  binary  form  with  bit  values  as  indicated  in  Figure  7. 

Line  coordinates  are  sent  in  character  positions  identical 
to  those  described  above  for  character  coordinates  and  are  also 
designated  in  binary  form. 

3 . 3  Transmission  Mode 


The  following  signal  lines  are  used  in  transfering  infor¬ 
mation  to  the  M-C  display: 

a.  "Word  Transfer  Order"  -  MMBS  originated  signal 
transmitted  concurrent  with  data  and  clock 
signals . 

"Clock"  -  MMBS  originated  clock  signal  trans¬ 
mitted  concurrent  with  data. 

"Data"  -  MMBS  originated  data  signals.  These 
signals  are  transmitted  in  "Non-return  to  Zero" 

(NRZ)  mode . 

d,  "Word  Demand"  -  Console  originated  signal  requesting 
a  word  from  the  MMBS. 

3.3.2  Normal  Output  Operation 

Timing  diagrams  showing  the  interrelationship  of 
t  L.'itrol,  clock  and  data  signals  for  normal  output  operation  are 
given  in  Figure  8. 


Message  transfer  to  an  MC  display  begins  with  a 
File  Command.  This  File  Command  contains  the  destination  code  which 
chooses  an  output  channel  and  hence  the  display  to  which  it  is 
connected.  The  File  Command  initiates  transfer  of  a  designated 
number  of  blocks  from  core  memory  into  the  Mass  Memory  Buffer  Store. 
The  Load  Point  Register  counts  in  sequence  through  the  block 
addresses  on  the  disk  during  transfer  and  so  controls  where  in  the 
MMBS  the  blocks  are  put.  An  Unload  Point  Register  keeps  note  of 
the  oldest  block  not  yet  transmitted  to  a  display.  This  cannot  be 
passed  by  the  Load  Point  Register  and  loss  of  information  by  over¬ 
writing  is  thereby  prevented.  Should  the  Load  Point  Register 
catch  up  to  the  Unload  Point  Register,  a  program  interrupt  occurs. 

Concurrent  with  transfer  of  data  to  the  MMBS,  the 
first  two  blocks  of  the  display  message  are  loaded  into  the  designated 
output  channel  circulating  register.  This  loading,  as  well  as 
processor  loading  of  MMBS  with  the  display  message,  is  conditioned 
by  a  logical  "ONE"  (true  state)  on  the  WORD  DEMAND  line  from  the 
related  M-C  display  device. 
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Loading  of  the  designated  output  channel  takes 
approximately  5.6  milliseconds.  After  the  output  channel  is  loaded 
and  after  an  access  delay  of  approximately  0.3  milliseconds,  the 
WORD  TRANSFER  ORDER  line  is  set  true  and  the  first  word  of  the  display 
message  is  transmitted  bit  serially  to  the  M-C  display  over  the  related 
DATA  line.  Concurrent  with  transmission  of  the  data,  exactly  56  MMBS 
originated  clock  pulses  are  transmitted  to  the  M-C  display  over  the. 
related  CLOCK  line.  When  the  full  word  has  been  transmitted,  the 
WORD  TRANSFER  ORDER  line  is  set  false. 

Successful  reception  of  the  transmitted  word  is 
acknowledged  bv  the  console  by  setting  the  WORD  DEMAND  line  false 
within  4.5  milliseconds  after  the  WORD  TRANSFER  ORDER  line  goes 
false.  The  WORD  DEMAND  line  must  remain  false  a  minimum  of  10  micro¬ 
seconds.  Transmission  of  the  next  word  ensues  when  the  WORD  DEMAND 
line  is  again  set  true  by  the  console  signifying  readiness  to  receive 
the.  next  word,  provided  the  circulating  line  has  brought  the  next 
word  into  position.  if  the  WORD  DEMAND  line  is  set  true  wiii'in  4.5  milli¬ 
seconds  after  the  end  of  the  previous  word  transmission,  the  next 
word  will  be  tr.ansmitted  5.6  milliseconds  after  the  end  of  the  previous 
word  transmission.  If  a  longer  delay  is  encountered  in  setting  the 
WORD  DEMAND  line  cine,  transmission  of  the  next  word  will  ensue  in 
corresponding  muLtipies  of  5.6  milliseconds  after  the  end  of  trans¬ 
mission  of  the  previous  word.  The  true  state  of  the  WORD  TRANSFER 
ORDER  line  causing  transmission  occurs  on  concurrence  of  a  true  state 
on  the  WORD  DEMAND  LINE  and  proper  positioning  of  data  in  the  output 
circulating  register.  Transmission  of  successive  words  occurs  as 
above  until  a  full  16 -word  block  is  transmitted. 

After  the  first  block  in  the  output  channel  circulating 
register  has  been  transmitted,  transmission  of  the  second  block 
precedes  immediately  and  simultaneous  with  output  channel  accesses  to 
the  MMBS  to  mark  the  transmitted  block  obsolete  and  to  transfer  the 
third  block  of  the  message  to  the  circulating  register.  Transmission 
of  the  remaining  blocks  of  the  message  in  the  MMBS  precedes  smoothly 
in  this  manner  until  the  MMBS  is  depleted  of  blocks  for  that  output 
channel  except  .for  occasional  pos.sible  interference  in  accessing  the 
MMBS  caused  by  loading  of  the  MMBS  by  the  processor  or  by  accesses  by 
other  output  channels. 

Wlien  the  last  word  of  the  last  block  in  the  MMBS  for 
any  output  channel  has  been  sent,  the  related  M-C  display  will  acknowledge 
receipt  as  above.  The  output  channel  will  access  this  block  in  the 
MMBS,  mark  it  obsolete  and  cease  transmitting.  As  soon  as  the  Processor- 
Mass  Memory  interconnection  allow.'r  a  "Display"  interrupt  is  generated 
signifying  depletion  of  the  MMBS  or  data  blocks  for  that  channel. 

If  the  last  word  transmitted  was  not  an  EOM,  the  MC 
display  will  request  further  transmission  by  setting  the  WORD  DEMAND 
line  true  as  above.  This  will  allow  the  processor  program  to  load 
a  continuation  of  the  display  message  into  the  MMBS  and  further 
transmission  ensues  as  above. 
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If  the  last  word  transmitted  is  an  EOM,  the  M-C  will 
keep  the  WORD  DEMAND  line  false  until  it  is  ready  to  receive  subse¬ 
quent  messages. 


Whenever  a  message  transmission  is  completed,  either 
successfully  or  through  an  abort  resulting  from  error  condition,  a 
program  interrupt  occurs  notifying  the  processor  that  the  transfer  is 
terminated.  At  this  time,  the  program  can  determine  which  output 
channel  (and,  hence,  which  display  device)  was  involved  and  whether  or 
not  the  transmission  was  successful. 

Since  M-C  or  LP  display  messages  are  of  arbitrary 
length  and  the  16,000  words  of  the  MMBS  are  shared  among  all  MC  and  LP 
displays  it  may  not  be  possible  to  insert  a  full  M-C  or  LP  display 
message  in  the  MMBS  at  one  time.  If  this  occurs,  as  many  blocks  of  the 
message  are  transferred  from  the  processor  to  the  MMBS  as  there  is 
space  available  (subject  to  programming  or  other  procedures  or  constraints) . 
When  the  available  space  is  filled,  the  message  transfer  is  interrupted 
until  all  of  the  blocks  of  data  in  the  MMBS  for  that  display  have  been 
transmitted.  The  processor  may  then  again  access  the  MMBS  under  program 
control  and  transfer  more  of  the  message.  During  this  access  and  trans¬ 
fer  from  the  processor  to  the  MMBS.,  output  from  the  affected  channel  to 
the  display  is  halted  and  resumed  only  when  the  rest  of  the  message  or 
the  maximum  number  of  blocks  available  for  that  display  in  the  MMBS 
have  been  filled. 


The  Processor  can  test  the.  status  of  each  output 
channel  to  determine  whether  it  is  transmitting  or  not,  whether  the 
non-transmitting  state  resulted  from  a  successful  transmission  of  all 
blocks  available  in  the  MMBS  for  a  particular  channel  or  from  an  abort 
condition  and  whether  an  operative  display  device  is  present  on  a 
gi''  .-n  output  channel  as  indicated  by  the  true  state  of  the  related 
WORD  DEMAND  line.  The  processor  can  then  determine  in  response  to 
interrupt  which  channels  are  ready  for  loading,  which  have  completed 
message  transmission  and  which  have  aborted  or  are  not  available  through 
inoperative  condition  of  the  channel  or  the  connected  device. 

3 . 4  Error  Considerations 


3.4.1  Data  Transfer  Errors 


Parity  is  checked  at  the  MC  display  for  each  word 
transmitted.  If  a  parity  error  is  detected  by  the  M-C  display,  receipt 
of  the  word  is  not  acknowledged  and  the  WORD  DEMAND  line  is  held  true 
for  at  least  4.5  milliseconds  after  the  WORD  TRANSFER  ORDER  line  is 
set  false.  The  output  channel  will  respond  to  this  error  indication  by 
retransmitting  the  incorrectly  received  word,  approximately  5.6  milli¬ 
seconds  after  the  end  of  the  previous  transmission.  If  this  transmission 
is  received  correctly,  normal  transmission  of  subsequent  words  ensues. 

If,  however,  a  parity  error  is  again  detected  on  the  retransmitted 
word,  a  third  attempt  at  transmission  is  made  as  above.  If  an  error 
is  detected  in  the  third  transmission  attempt,  the  M-C  display  will 
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signal  detection  of  the  error  as  above  by  holding  the  WORD  DEMAND  LINE 
true.  The  WORD  TRANSFER  ORDER  line  will  go  true  again  within  5.6 
milliseconds  and  will  remain  true  for  the  normal  duration  of  word 
transmission  though  data  will  not  be  transmitted.  This  will  signify 
to  the  console  that  the  MC  display  message  is  aborted.  The  MMBS 
at  this  time  will  stop  sending  the  display  message,  mark  all  blocks 
of  the  message  remaining  in  the  MMBS  obsolete  and  signal  the  program 
with  a  "Display"  interrupt  that  the  transmission  is  terminated  and  an 
error  has  occurred  in  transmission  to  that  particular  console.  The 
fact  that  transmission  has  failed  due  to  three  successive  parity 
errors  on  a  givcm  word  is  indicated  to  the  console  operator  by  means 
of  an  "M-C  error"  indicator.  The  M-C  display  device  will  at  this 
time  abort  the  portion  of  the  message  already  processed  and  ready  itself 
to  receive  the  next  M-C  display  message. 

If  the  WORD  DEMAND  line,  after  acknowledging  a 
successful  word  transmission,  fails  to  demand  the.  next  word  within 
3.0+1  seconds  after  acknowledgment  of  the  previous  word  due  to  turn¬ 
off  of  the  device  before  complete  transmission,  erroneous  interpre¬ 
tation  of  a  character  as  EOM  or  for  any  ocher  reason,  the  transmission 
will  be  aborted  as  above.  The  timer  causing  this  abort  is  located  in 
the  MMBS  portion  of  the  interface  and  an  individual  timer  is  provided 
for  each  of  the  15  output  channels. 

3.4.2  Control  Line  Errors 

Any  of  the  control,  clock  or  data  lines  may  fail  in 
either  the  false  or  :he  true  states.  A  general  system  requirement 
exists  to  ensure  that  no  persistent  malfunction  of  a  particular  M-C  or 
LP  display  or  its  corresponding  MMBS  output  channel  will  cause  serious 
degradation  of  outputs  capability  to  ocher  M-C  or  LP  displays.  Such 
degradation  could  occur  if  a  substantial  portion  of  the  MMBS  was  occupied 
by  a  particular  display  message  which  is  neither  transmitted  nor 
aborted  due  to  undetected  malfunction  of  the  related  output  channel  or 
display  device.  The  effect  would  be  to  reduce  the  space  available  in 
the  MMBS  for  all  other  display  messages  and  adversely  affect  service 
time  for  all  other  M-C  and  LP  displays. 

In  general,  timing  devices  or  functional  interlocking 
of  clock,  signal  and  control  lines  are  used  where  feasible  to  minimize 
system  degradation  on  single  output  channel  or  display  device  malfunctions. 

A  sutivnary  of  the  effects  of  data,  clock,  and  control 
lines  follows.  The  assumption  is  made  that  only  one  failure  will 
occur  at  a  time  in  a  given  display  device  interface. 

L ine  1  -  WORD  TRANSFER  ORDER 


If  the  WORD  TRANSFER  ORDER  line  fails  in  either  the  false 
or  the  true  state,  the  display  device  will  not  acknowledge  receipt 
of  the  transmitted  word  and  the  sequence  described  for  repeated  pra’itv 
errors  will  occur  ultimately  causing  abort  of  the  message. 


^-4 
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Line  2  -  CLOCK 


Same  effect  as  failure  of  WORD  TRANSFER  ORDER  line  results 
for  CLOCK  failure  in  false  or  true  state. 

Line  3  -  DATA 


If  the  DATA  line  fails  in  the  false  state,  all  zeroes  will  be 
transmitted  causing  parity  error  detection  and  abort  of  transmission 
after  third  unsuccessful  transmission  try. 

If  the  DATA  line  fails  in  the  true  state,  all  ones  will 
be  transmitted  and  transmission  will  continue  until  the  entire  message 
is  sent  unless  the  display  device  recognizes  this  condition  and 
causes  an  abort  via  control  of  the  WORD  DEMAND  line.  It  is  expected 
that  bit  number  b  of  Character  5  of  each  M-C  (or  LP)  display  word 
will  be  always  designated  as  zero  and  checked  by  the  display  device 
to  ensure  that  the  DATA  line  is  not  failed  in  the  true  state.  Detec¬ 
tion  of  "one's"  in  all  three  bit  positions  will  cause  the  device  to 
initiate  "abort"  procedures. 

Line  4  -  WORD  DEMAND 


If  the  WORD  DEMAND  line  fails  in  the  true  state,  the  effect 
will  be  the  same  as  for  repeated  parity  errors  and  the  message  will 
abort  on  the  third  transmission  try. 

If  the  WORD  DEMAND  line  is  failed  in  the  false  state  prior 
to  transfer  of  a  display  message  to  the  MMBS,  the  transfer  will  not 
take  place  since  Processor  test  of  output  channel  status  will  indicate 
no  operative  display  device  present  for  that  channel. 

If  WORD  DEMAND  fails  false  after  the  MMBS  has  been  loaded 
and  before  the  first  word  is  transmitted,  the  related  display 
message  will  abort. 

If  WORD  DEMAND  fails  false  after  acknowledging  successful 
transmission  of  one  or  more  words,  it  will  fail  to  demand  the  next 
word  and  the  transmission  will  abort  within  3.0  +  1  seconds  after 
the  end  of  the  acknowledged  word  transmission. 

3 . 5  Character  Codes  and  Symbol  Set 

See  Appendix  A. 

3.6  Physical  and  Electrical  Interface 

The  electrical  characteristics  of  the  signals  in  the  M-C 
display  interface  are  as  follows: 

-  A  Logical  "True"  Level  (1)  is  represented  by  -8.5  +2.5  Volts 

-  A  Logical  "False"  Level  (0)  is  represented  by  0+1-0  Volts. 

-  Rise  and  Fall  times  on  signals  from  the  MMBS  to  the  MC  Displa 
will  be  between  0.1  and  0.3  microseconds. 
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-  Rise  and  Fall  times  on  signals  from  the  M-C  display  to 
the  MMBS  will  be  between  0.1  and  3.0  microseccnds. 

The  input  impedance  presented  to  a  line  by  the  receiving 
device  will  be  75  ohms  +  10%  for  either  logical  level.  The  driving 
or  output  impedance  is  not  specified.  However,  provision  will  be  made 
to  add  a  75  ohm  resistor  at  the  Line  Driver  if  it  is  required  for  term¬ 
ination  purposes. 

75  ohm  coaxial  cable  with  capacity  no  greater  than  20 
picofarads  per  foot  will  be  used  for  all  data  and  control  lines  between 
the  console  and  the  MMBS.  Cable  lengths  have  not  yet  been  determined. 

Detailed  electrical  and  physical  characteristics  are  to  be 
provided  in  the  interface  specification. 
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4,0  HARD  COPY  ASSEMBLY  INTERFACE 

No  data  or  control  transmission  exists  between  the  DPSS  and  the 
M-C  display  hard  copy  assembly.  Request  for  a  hard  copy  reproduction  of 
the  M-C  display  is  initiated  through  depression  of  the  "Hard  Copy"  control 
key.  This  key  generates  and  transmits  a  4  character  control  message  to 
the  Data  Processor  via  the  ET  and  Control  Interface  notifying  the  processor, 
for  logging  purposes,  that  a  copy  of  the  M-C  display  is  being  made. 

Once  this  control  message  has  been  successfully  transmitted,  the  M-C 
display  reproduction  cycle  is  initiated  locally  at  the  console. 

Controls  internal  to  the  console  insure  that  no  change  occurs  to  the 
M-C  display  for  which  a.  reproduction  is  requested  until  critical  portions 
of  the  reproduction  cycle  are  completed  or  until  the  request  is  aborted 
as  a  result  of  failure  to  successfully  transmit  the  Hard  Copy  control 
message  to  the  Data  Processor. 
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5,0  CONSOLE  PRINTER  INTERFACE 

Transmission  of  messages  to  a  Console  Printer  (CP)  may  be  initiated 
independently  by  the  Data  Processor  or  in  response  to  a  control  message 
request  received  by  the  Processor  via  the  ET  and  Control  interface.  In 
all  instances,  however,  CP  messages  are  output  by  the  Data  Processor  via 
the  Mass  Memory  Console  Printer  Store  (MMCPS). 

The  MMCPS  is  an  integral  part  of  the  Mass  Memory  unit  and  contains 
15  regions  of  disk  storage  each  with  a  nominal  capacity  of  1024  characters. 
Actual  storage  capacity  of  each  region  is  1110  characters.  Transfer  of 
data  from  the  Processor  to  the  MMCPS^  however,  is  by  block  where  each  block 
contains  1024  characters. 

Each  MMCPS  region  is  uniquely  associated  with  one  of  15  Console  Printer 
output  channels.  All  15  CP  output  channels  are  capable  of  independent 
simultaneous  output.  Output  channel  accesses  to  the  MMCPS  are  by  character,, 
each  channel  holding  one  character  at  a  time  until  it  is  accepted  by  the 
associated  console  printer. 

Data  Processor  loading  of  the  MMCPS  is  initiated  by  a  File  Command 
containing  the  address  of  the  region  to  be  loaded  and  hence  the  Console 
Printer  with  which  it  i,s  associated.  The  program  may  precede  the  trans¬ 
mission  with  a  test  of  the  system  duplex  switch.Lng  to  ensure  that  a 
console  printer  is  switched  to  the  addressed  channel. 

Once  a  full  or  partial  message  block  is  i.o.adad  into  the  MMCPS  and 
a  character  is  available  xn  the  relevant  output  channel,  transmission 
will  proceed  subject  to  character  demand  by  the  associated  Console  Printer, 
Transmission  continues  on  a  character-by~character  basis  until  the  MMCPS 
region  is  depleted  of  characters  or  an  EOM  char=.cte.r  is  detected  slgni- 
L-  ag  end  of  message.  In  either  case  the  pt,3cessor  is  notified  of  the 
termination  of  transmission  by  a  "Display’’  riterrupt  occuring  at  the  end 
of  whatever  file  operation  was  in  process  and  coincident  with  the  "End  of 
File  Operation"  program  interrupt.  The  program  at  this  time  ca.n  determine 
by  test  which  console  printer  channels  are  no  longer  transmitting  and 
consequently  which  MMCPS  regions  are  ready  to  be  reloaded  with  a  subsequent 
block  (or,  partial  block)  of  the  output  message  or  wich  t'ne  first  block 
of  a  new  message. 

If  the  processor  attempts  to  output  data  to  an  MMCPS  region  still 
involved  in  transmission  or  to  which  an  "unavailable"  console  printer  is 
connected,  the  data  will  not  be  transferred  and  a  "Display"  interrupt  will 
occur.  (The  "unavailable"  condition  of  the  Console  Printer  is  signified  by 
a  false  state  of  the  associated  "Character  Demand"  line  at  the  time  of  the 
attempted  output  operation). 

The  program  may  test  at  any  time  to  determine  the  transmitting/non¬ 
transmitting  status  of  each  Console  Printer  output  channel.  "Unavailabie" 
status  however,  as  defined  above,  cannot  be  determined  meaningfully  by 
test  prior  to  attempted  output  since  determination  of  this  state  requires 
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program  interpretation  of  receipt  of  a  "Display"  interrupt  in  response  to 
the  output  attempt  together  with  the  "non- transmitting"  status  of  the 
relevant  output  channel  as  determined  by  test. 

5. 1  Data  Transmission  Rate 


Data  is  transmitted  from  the  CP  Buffer  to  the  Console  by 
character  demand.  Each  character  is  represented  by  levels  on  seven 
parallel  lines  (6  bits  +  parity)  and  transmitted  sequentially  in  response 
to  Character  Demand  signals  transmitted  by  the  Console  Printer,  The  nominal 
rate  of  demand  is  14  characters  per  second. 

5.2  Message  Format 

With  the  exception  of  insertion  of  "Line  Advance/Carriage  Return" 
and  EOM  codes  in  appropriate  places  in  the  printer  message,  no  particular 
format  restrictions  exist.  If  the  "Line  Advance/ Carriage  Return"  codes 
are  omitted,  the  printer  will  automatically  perform  this  function  at  the 
end  of  each  printer  line.  Messages  may  be  of  any  arbitrary  length  subject 
only  to  programmed  limitations  which  may  arise  as  a  consequence  of  the 
relatively  slow  rate  of  output  via  the  console  printer. 

5.3  Transmission  Mode 


5.3.1  Data  and  Control  Lines 


Transmission  from  the  Mass  Memory  Buffer  to  the  console 
printer  is  effected  through  utilization  of  the  following  signal  and  con¬ 
trol  lines. 

Lines  1  to  7  -  Data  Lines 


Six  lines  carry  levels  identifying  the  character  transmitted.  The 
seventh  line  level  indicates  odd  parity  for  the  character. 

Line  8  -  CHARACTER  AVAILABLE 


This  line  is  set  true  by  the  MMCPS  \dienever  a  character  exists  on 
the  Data  Lines. 

Line  9  -  CHARACTER  DEMAND 


This  line  is  set  true  by  the  console  printer  to  indicate  readiness 
to  receive  the  next  character.  Tne  line  will  be  false  while  the  printer 
is  printing  the  last  received  character  or  if  the  Console  Printer  is  off 
or  in  "Not  Available"  condition. 

5.3.2  Normal  Output  Operation 

The  MMCPS  region  associated  with  a  particular  Console 
Printer  output  channel  is  loaded  with  Che  first  block  (or  partial  bio  ck) 
of  an  output  message  under  program  control  and  subject  to  the  availability 
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of  that  channel  for  transmission.  Data  transfer  from  the  Processor  to 
the  MMCPS  is  initiated  by  a  File  Command  specifying  the  region  to  be 
loaded.  Data  transferred  in  one  operation  is  limited  to  one  block  =  1024 
characters.  When  this  data  transfer  to  the  MMCPS  is  completed,  the  processor 
is  signaled  by  means  of  a  "File  Not  Busy"  interrupt. 

After  the  MMCPS  region  is  loaded  and  when  the  first 
character  is  present  on  the  output  channel  data  lines,  the  "Character 
Available"  line  level  is  set  true.  The  related  Console  Printer  "Character 
Demand"  line  will  normally  be  true  at  this  time  and  the  Console  Printer 
will  sense  the  available  character  and  commence  the  print  cycle. 

As  soon  as  the  Console  Printer  has  adequately  sensed  the 
transmitted  character,  it  will  set  the  Character  Demand  line  false  for 
at  least  4  microseconds.  The  Character  Demand  line  will  be  returned  to 
the  true  state  as  soon  as  the.  Console  Printer  is  ready  to  accept  the  next 
character  of  the  message. 

When  the  Character  Demand  line  is  set  false  as  above, 
the  output  channel  will  set  the  Character  Available  line  false  within 
4  microseconds  and  begin  access  of  the  MCPS  to  obtain  the  next  character. 
This  access  may  take  from  4  microseconds  to  70  milliseconds  depending  on 
the  position  of  the  related  MMCPS  region  on  the  storage  disk  relative  to 
the  readout  position. 

Once  the  next  character  has  been  accessed  and  is  present 
on  the  output  data  lines,  the  Character  Available  line  is  again  set  true. 
Transmission  will  ensue  immediately  if  the  Character  Demand  line  is  true 
at  that  time  or  will  occur  when  the  Character  Demand  line  becomes  true. 

Transmission  will  connlnue  as  above  on  a.  character-by- 
cho'cacter  basis  until  all  1024  characters  in  the  MMCPS  region  are  transmitted 
or  until  an  EOM  character  is  detected.  Either  condition  will  cause  trans¬ 
mission  to  be  halted  and  cause  a  "Display"  interrupt  to  be  generated  at  the 
end  of  whatever  File  operation  was  in  progress  and  coincident  with  the 
"End  of  File  Operation"  interrupt. 

The  processor  may,  at  this  time,  test  the  status  of  all 
Console  Printer  output  channels  and,  if  allowed,  commence  transfer  of 
additional  blocks  of  data  into  appropriate  MMCPS  regions. 

5.4  Error  Consideration 


5.4.1  Data  Transfer  Errors 


rne  "transmitting"  or "non- transmit ting"  status  of  each 
Console  Printer  output  channel  is  indicated  to  the  Processor  by  program 
test  of  a  Display  Status  word.  The  program  would  ordinarily  precede  an 
attempt  to  load  a  particular  region  of  the  MMCPS  with  a  test  to  ensure 
that  the  related  output  channel  is  in  the  "non-transmitting"  state.  If, 
however,  an  attempt  is  made  to  load  MMCPS  region  where  channel  is  in 
"Transmitting"  status,  a  "Display"  interrupt  is  generated  and  the  loading 
attempt  is  blocked. 
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"Unavailable"  status  of  the  Console  Printer  channel 
is  indicated  to  the  MMCPS  by  a  "false"  level  on  the  Character  Demand  line 
but  does  not  directly  affect  the  Display  status  word.  An  attempt  by  the 
processor  to  load  an  "unavailable"  region  of  the  MMCPS  will  cause  a  "Dis¬ 
play"  interrupt.  Occurrence  of  the  Display  interrupt  in  conjunction  with 
"non- transmitting"  status  of  the  output  channel  may  be  interpreted  by  the 
program  as  "unavailable"  status. 

The  Console  Printer  checks  parity  on  each  incoming  char¬ 
acter.  Detection  of  a  parity  error  does  not  affect  the  transmission  but 
causes  a  special  symbol  (■)  to  be  printed  in  place  of  the  character  re¬ 
ceived  in  error.  Detection  of  a  parity  error  also  causes  a  "PRINTER  ERROR" 
indicator  on  the  Console  Printer  to  be  lit  and  remain  lit  until  manually 
reset.  Parity  error  detection  and  indication  is  strictly  a  local  function 
of  the  Console  Printer,  no  information  concerning  detected  parity  errors 
being  fed  back  to  the  Data  Processor  or  the  MMCPS  output  channel. 

5.4.2  Control  and  Data  Line  Failures 


Any  of  the  Control  or  Data  lines  may  fail  in  either 
the  false  or  true  state.  Since  failures  affecting  a  particular  Console 
Printer  output  channel  will  not  significantly  affect  outputs  to  other 
channels  no  serious  degradation  of  the  system  will  result.  Consequently, 
no  elaborate  interlocks  or  automatic  disconnects  are  required. 

5 . 4 . 2 . 1  Data  Line  Failures 


Failure  of  any  one  of  the  Data  lines,  including 
the  Parity  line,  in  either  false  or  true  state  will  result  in  multiple 
parity  error  printouts  and  garbled  copy  easily  identified  by  the  console 
operator  as  a  faulty  condition  and  indicating  the  need  for  maintenance. 

5 . 4 . 2 . 2  Control  Line  Failures 


Character  Demand  Line  -  If  a  Character  Demand 
line  fails  in  the  true  state,  either  before  or  during  transmission,  data 
transfer  from  the  Processor  to  the  MMCPS  will  take  place  without  inter¬ 
rupt  (at  least  for  the  first  block  transferred)  but  only  one  character 
wil.l  be  transmitted  to  the  Console  Printer  and  transmission  will  cease. 

The  affected  channel  will  remain  in  the  "transmitting"  state.  Program 
testing  of  the  Display  Status  word  prior  to  subsequent  output  attempts 
will  indicate  "transmitting"  status  of  this  channel  and  the  output  attempt 
may  be  deferred.  No  explicit  indication  of  this  fault  condition  is  given 
to  the  Processor  or  to  the  Console  Operator. 

Failure  of  a  Character  Demand  line  in  the  false 
state  will,  if  it  occurs  prior  to  an  attempt  by  the  processor  to  output 
a  message,  indicate  "unavailable"  status  of  the  affected  output  channel 
to  the  processor  by  means  of  a  "Display"  interrupt  occurring  when  an 
attempt  is  made  to  load  the  affected  region  of  the  MMCPS. 
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Since  "unavailable"  status  may  be  a  normal 
state,  no  explicit  indication  of  "fault"  condition  is  given  to  the 
Processor  or  to  the  Console  operator. 

If  a  Character  Demand  line  fails  false  after  the 
related  MMCPS  has  been  loaded,  transmission  to  the  console  printer  will 
cease.  The  affected  output  channel  will  remain  in  the  "transmitting" 
state.  Program  test  of  the  Display  status  word  prior  to  a  subsequent 
output  attempt  will  indicate  "transmitting"  scatus  of  this  channel  and 
cause  further  loading  of  the  MMCPS  region  to  be  deferred. 

No  explicit  indication  of  this  fault  condition 
is  given  to  either  the  console  operator  or  the  Data  Processor. 

Character  Available  Line  Failure 


Failure  of  the  Character  Available  line  is 
either  the  false  or  true  state  will  enhibit  transmission  of  data  from 
the  MMCPS  to  the  Console  Printer  but  will  not  directly  affect  transfer 
of  data  from  the  Processor  to  the  MMCPS.  After  the  related  MMCPS  region 
is  loaded,  however,  it  will  remain  in  the  "transmitting"  state.  Program 
test  of  the  Display  status  word  will  indicate  "transmitting"  status  for 
the  affected  channel  and  the  attempt  to  load  the  MMCPS  region  may  be 
deferred. 


No  explicit  indication  of  this  fault  condition 
is  given  either  to  the  Processor  or  to  the  Console  Printer  operator, 

5.5  Character  Codes  and  Symbol  Set 


See  Appendix  A, 

Two  of  the  assigned  codes  are  interpreted  by  the  printer  as 
instructions  for  mechanism  action  other  than  printing.  These  ares 

(a)  EOM-  prints  EOM  symbol,  causes  paper  to  be  advanced  to 
permit  operator  viewing  of  the  received  message  and  left  justifies  the 
printer  "carriage". 

(b)  Lower  Case  Code  -  Advances  paper  one  line  and  returns 
carriage  to  left  hand  margin. 

5. 6  Physical  and  Electrical  Characteristics 

Cable  type,  input  and  output  impedances,  True  and  False  levels 
and  Rise  times  are  as  described  for  the  M-C  interface. 

Detailed  electrical  and  physical  characteristics  are  included 
in  the  detailed  interface  specifications. 


CBB ; vanl 

Attachments:  Appendix  A,  Appendix  B,  Appendix  C 
Distribution  List 
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The  following  is  an  updated  list  of  symbols  to  be  used  in  the  473L 
System,  llie  Console  Printer  and  the  ET  Display  have  an  extra  symbol,  not 
shown  in  the  list,  that  will  not  have  an  associated  code  but  will  be 
generated  and  displayed  when  a  parity  error  is  detected  on  an  incoming 
message.  This  symbol  (■)  will  be  printed  instead  of  the  erroneous  charac¬ 
ter  recei-ved  by  the  Console  Printer  and  will  be  presented  as  a  flashing 
symbol  in  place  of  erroneous  character  received  by  the  ET  Display. 


473L  EQUIPMENT  CHARACTER  SET 


L- 

7 

3055 

65 

Code 

4321 

Line  Printer 
&  Typevnriter 
Characters 

(1)  Field  Data 
Characters 

Integrated  Con¬ 
sole  Characters 
(Includes  ET,  CP, 
MC) 

(3) 

Card 

Reader/ 

Punch 

Row(s) 

1 

11 

0000 

(Blank) 

(Space) 

(Blank) 

(Blank) 

0 

11 

0001 

A 

A 

A 

12-1 

0 

11 

0010 

B 

B 

B 

12-2 

1 

11 

0011 

C 

C 

C 

12-3 

0 

11 

0100 

D 

D 

D 

12-4 

1 

11 

0101 

E 

E 

E 

12-5 

1 

11 

0110 

F 

F 

F 

12-6 

0 

10 

oi;  1 

G 

G 

G 

12-7 

0 

11 

1000 

H 

H 

H 

12-8 

1 

11 

100  1. 

I 

I 

I 

12-9 

1 

11 

1010 

) 

) 

) 

12-8- 

0 

11 

1011 

.  (Period) 

• 

• 

12-8- 

1 

I'’ 

'  'Ml : 

(2)  □ 

BELL 

□ 

11-8- 

0 

11 

ItOi 

(2) (Underline) 

OWD 

(Underline) 

12-8- 

0 

11 

1110 

(2) 

1 

i 

11-8- 

1 

11 

1111 

(2)  ? 

1 

9 

12-8- 

0 

10 

0000 

:  (Colon) 

■ 

; 

12-8- 

1 

10 

0001 

J 

J 

J 

11-1 

1 

10 

0010 

K 

K 

K 

11-2 

0 

10 

0011 

L 

L 

L 

11-3 
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L- 

7 

■3055 

65 

Code 

4321 

Line  Printer 
&  Typewriter 
Characters 

(1)  Field  Data  Integrated  Con- 

Characters  sole  Characters 

(Includes  ET,  CP, 
MC) 

(3) 

Card 

Reader/ 

Punch 

Row(s) 

1 

iO 

OluO 

M 

M 

M 

11-4 

0 

10 

0101 

N 

N 

N 

11-5 

0 

10 

0110 

0 

0 

0 

11-6 

1 

10 

0111 

P 

P 

P 

11-7 

1 

10 

1000 

Q 

Q 

Q 

11-8 

0 

10 

1001 

R 

R 

R 

11-9 

0 

10 

1010 

(Minus) 

(Minus) 

(Minus) 

11 

1 

10 

1011 

* 

* 

* 

11-8-4 

0 

10 

1100 

(2)A  (Up) 

(Upper  Case) 

A 

11-8-7 

1 

10 

1101 

(2)$ 

$ 

$ 

11-8-3 

1 

10 

1110 

(2)  (Down) 

(Lower  Case) 

See  note  4 

12-8-2 

0 

10 

1111 

(2)  ♦ 

& 

0-8-5 

0 

01 

0000 

+ 

"  (Quote) 

+ 

12 

1 

01 

0001 

/ 

/ 

/ 

0-1 

1 

01 

0010 

S 

S 

S 

0-2 

0 

01 

0011 

T 

T 

T 

0-3 

1 

01 

0100 

U 

U 

U 

0-4 

0 

01 

0101 

V 

V 

V 

0-5 

0 

01 

0110 

W 

W 

W 

0-6 

1 

01 

0111 

X 

X 

X 

0-7 

1 

01 

1000 

Y 

Y 

Y 

0-8 

0 

01 

1001 

Z 

Z 

Z 

0-9 

0 

01 

1010 

( 

( 

( 

0-8-4 

1 

01 

1011 

(Comma) 

(Comma) 

(Comma) 

0-8-3 

0 

OL 

1100 

(2)# 

# 

# 

0-8-2 

1 

01 

1101 

(2) 0 (Degree) 

o (Degree) 

0 (Degree) 

6-8 

1 

01 

1110 

(2); 

9 

2 

11-8-6 

0 

01 

1111 

(2)C 

(line  Feed) 

c 

0-8-7 

1 

00 

0000 

0 

0 

0 

0 

0 

00 

0001 

1 

1 

1 

1 

0 

00 

0010 

2 

2 

2 

2 

1 

00 

0011 

3 

3 

3 

3 

0 

00 

0100 

4 

4 

4 

4 

1 

00 

0101 

5 

5 

5 

5 

1 

00 

0110 

6 

6 

6 

6 

0 

00 

0111 

7 

7 

7 

7 
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L-3055  Code  Line  Printer  (1)  Field  Data  Integrated  Con- 

7  65  4321  6e  Typewriter  Characters  sole  Characters 

Characters  (Includes  ET,  CP, 

MC) 


0 

00 

1000 

8 

8 

8 

8 

1 

00 

1001 

9 

9 

9 

9 

1 

00 

1010 

s 

% 

B 

8-3 

0 

00 

1011 

(Apostrophe)' 

(Apostrophe) 

(Apostrophe) 

8-4 

1 

00 

1100 

(2)> 

> 

> 

8-2 

0 

00 

1101 

(2)< 

> 

C 

8-5 

0 

00 

1110 

(2)] 

(Carriage  Return) 

] 

0-8-6 

1 

00 

1111 

(2)tE0M) 

(Master  Space) 

EOM 

8-7 

NOTES:  (1)  As  translated  by  the  L-119  Buffer  Processor 

(2)  Low  speed  print  characters  (Line  Printer) 

(3)  This  code  is  compatible  with  IBM  026  Type-H  print  set 

(4)  This  code  when  received  by  the  ET  or  CP  will  cause  the 
cursor  or  writing  mechanism  to  space  down  one  line  and  over 
to  the  extreme  left.  When  received  by  the  MC,  the  solid 
box  is  generated  (■). 


(3) 

Card 

Reader/ 

Punch 
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APPENDIX  B 


LIBRASCOPE  SPECIFICATION 
L190  000  832 


Preliminary  specification  of  L3155  Central 
Processor  Input/Output  Interface  with  the 
ET  and  Control  portions  of  the  ICSS  (and 
with  the  L119  Buffer  Processors.) 


1.0  SCOPS 

1.1  The  Central.  Procoynor  Input-Outpnit  Interface  provides  the  path  for 

Information  transfer  between  t/ho  L-3155  Central  Processor  and  the 
1.-119  Buffor-Procoesor  nn.l  the  ET  portion  of  the  ICSS,  The  inter¬ 
face  characteristics,  both  fimctlonal  and  electrical  requirements, 
are  defined  by  this  npoclflcatlon. 


2.0  UNOPAOE  AND  WORD 

2.1  An  L-315'5  Central  Processor  character  conalste  of  siac  data  bits  and 

one  odd  parity  bit.  The  code  usod  In  the  L-3155  Is  given  in  Appendix 

A. 

2*2  Eight  characters  conatltuto  one  word. 

2.3  An  input  meeeage  is  defined  as  any  soquenoe  of  characters  trans¬ 

mitted  from  the  external  device  to  the  L-3155  Central  Processor  bit 
serially  over  the  Input  data  line,  A  character  will  be  transmitted 
least-significant  bit  first  In  sequence  through  the  moet-signiflcant 
of  the  six  data  bits.  Every  seventh  bit  will  be  the  odd  parity  bit 
for  the  six  preceding  data  bits. 

2*li  An  output  message  is  defined  as  any  sequence  of  characters  trans¬ 
mitted  from  the  Central  Proceosor  to  the  external  device  bit 

ssirlally  over  the  output  data  line.  A  oharaoter  will  be  transmitted 
least-significant  bit  first  In  sequsnee  through  ths  most-slgnlfleant 
of  the  six  data  bits.  Every  seventh  bit  transmitted  will  be  the  odd 
parity  bit  for  the  six  preceding  data  bits, 

2.5  Mesaagos,  both  input  and  output,  will  bo  transported  in  decreasing 

order  of  character  sigrdf Icance ,  A  partial-word  portion  of  a  message 
will  occupy  the  mo .7t- significant  register  positions. 


^ °  SKHiAL  LEVELS  AND  XHPEOANCE 

3*1  Signals  to  External  Uov1.ee, 

3«1«1  A  "tixio"  level  (logiaal  one)  on  tho  signal  lines  to  the  external 
devices  sliall  bo  rtipreoonlod  by  -8,5V  t  2.5V. 

3*1«2  A  "false**  level  (logical  zero)  on  the  signal  lines  to  the  external 
devlcee  shall  be  represented  by  07  It  IV. 

3 •1*3  The  signals  to  the  external  devlcee  shall  be  transmitted  over  75  ohm 

coaxial  line  such  as  Amphenol  21-597. 
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Th«  input  iinp«dAno«  of  tht  ■xtornal  d«Tlo«  for  arqr  ilgnjJ.  lint, 
mtasurtd  «t  tha  davioa  tarminalif  ahall  ba  ohms  1  10%f  to  signal 

groundi  for  aithar  tha  true  or  falsa  lavala.  This  spaciflad  impad> 
anoa  shall  inoluda  any  raquirad  lins  tarmination. 

3il«$  Tha  risa  and  fall  tinas  msasurad  batwaan  tha  10^  and  90%  points 

shall  ba  batwaan  0*1  and  0*3  miorosaoonds  aftar  transmission  throtigh 
two  hundrad  fast  of  proparly  tamdnatad  ooaxial  lina, 

3*2  Signals  from  Extamal  Dariea* 

3*2*1  A  "trua"  Isval  (logical  ons)  on  tha  signal  Unas  from  tha  axtamal 
darloa  ifiall  ba  raprasentad  by  >8*^  t  2*!^* 

3*2*2  A  "falsa"  larral  (logical  taro)  on  tha  signal  Unas  from  tha  axtari?! 
davioa  shall  ba  raprossntad  by  Cf7  1  1*07* 

3*2*3  Tha  signals  from  tha  axtamal  darloas  will  ba  transmittad  orar  7$  ohm 
ooaxial  lina  such  as  Amphonol  21-597* 

3*2*li  Tha  input  impadanoa  at  tha  Cantral  Prooassor  to  any  signal  from  tha 
axtamal  daxlca  will  ba  75  ohms  *  lO^K  to  signal  ground  for  aithar  tha 
trua  or  tha  falsa  laralo. 

3*2*5  Tha  risa  and  fidl  tlmas  moasurad  batwaan  tha  105  and  90%  points  shall 
ba  batwaan  0.1  and  0*3  iidcroaaconds  aftar  transmlsaion  through  two 
hundred  foot  of  properly  temlnatad  coaxial  Una* 


3*2*6  Clock  pulooa  vlU  hava  a  mlrdjnun  duration  of  0*2  mlcrosaoonda  aa 
maAirad  bot>mon  tha  90,5  amplituda  points  and  a  minimum  saparation 
of  0*2  ffllcrosoconda  an  msaoured  batwaan  tha  105  ampUtuda  pointa* 
Concurrant  input  data  bits  >rlll  ba  sampled  at  tha  tralUng  adgaa  of 
tha  olock  pulsas  and  mst  ba  905  astabllshed  0.5  1  0*2  microseconds 
bsfors  ths  105  amplitude  point  of  tha  falsa  transition  of  tha  clock 
signal*  Output  data  bits  will  ba  905  eatabliahad  0*5  t  0*2  micro- 
saoonda  after  tha  105  amplituda  point  of  the  falsa  transition  of  the 
olook  signal*  Tlia  time  spaclflcations  rafsr  to  ths  L-3155  Cantral 
Prooassor  connactors  and  do  not  Includa  cable  delays* 

3*3  Trsnafar  Rstaa* 

3*3*1  Transfer  rata,  both  input  and  output,  for  tlw  L-119t  as  sstabUshad 
by  tha  L-1I9  clock  will  ba  760,000  t  10%  bits  par  second. 

3*3*2  Transfer  rata,  both  input  and  output,  for  tha  ET  portion  of  tha  ICSS, 
aa  aatabUshad  by  tha  ST  olook  will  ba  720,000  i  105  bits  par  second* 
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U.O  IKTERnWKNCE  LIMITS 

li*l  AJiy  External  Derice  v#iich  interfaces  with  the  L-3155  Central 

Processor  shall  meet  the  interforence  llmlte  as  specified  in 
MIL-I-26600. 
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5.1.1 


5.1.2 


5.2 


5.2.1 


5.2.2 


SIQfttLS  AND  DESI0HATI0N5  -  L-119  BUFFER-PROCESSOR  AND  L-31S5 

Signalfl  Required  for  L-119  Output  Operation  from  L-3155  Central 
Processor. 


Signals  from  the  L-3155  Central  Processor  to  the  L-119. 
1  •  Addiossed  Device 


Opel(l) 

Output  Operation 

(3  i  i  t  5) 

Cpo2(l) 

Output  Data 

(3  fr  1  t  5) 

Signals  from  the 

L-119  to  the  l-3155  Central  Processor. 

Cppl(i) 

Dflvlco  Clock 

(3^:ii^5) 

Cpp2(l) 

Operation  Complete 

(3  t  1  f:  5) 

Cpp3(l) 

Device  Available 

(3  ti  t$) 

Cppli(l) 

Parity  Error 

(3  fcl  i^5) 

Signals  Required  for  L-119  Input  Operation  to  L-3155  Central 


Processor* 

Signals  from  the  L-3155  Central  Proceeeor  to  the  L-119. 
J  •  Addressed  Derlce 


Pcol(J) 

Input  Operation 

(0  £  j  ±  2) 

Pec2(J) 

Comp^iter  Operation  Completed 

(0  t  J  fr  2) 

fro.' 

t!  'L-il?  to  the  l-3155  Central  Prooeeeor. 

Pepl(J) 

Message  Available 

(0  t  J  t2) 

Pop3(J) 

Devloe  Clock 

(Oi*  jfc2) 

Poi>li(j) 

Input  Date 

(Ot  j  t  2) 
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5.3 


Dm  indicts  1  snd  j  sboTS  rsfsr  to  s  spsolfio  L-119  connector  posl 
tion  on  the  L-3155  Control  Processor  oonsole* 


6.0  SlOmifl  AND  DESlcaaTlDNS  -  BT  PORTION  OF  THB  ICS8  AND  L-311 


6.1  Signals  required  tor  ET  Input^Output  Operation  between  the 
L-3155  Central  Processor  and  ET  Portion  of  the  ICSS, 

6.1.1  There  are  six  lines  proTlding  oommonleatlons  between  the  ET 
portion  of  the  ICSS  and  the  Ii-3155  Central  Processor. 

6.2  Signal  Descriptions. 

6.2.1  During  output  operations,  which  are  speolflsd  bgr  a  true  condition 
of  the  Output  Priority  signal  line,  designated  Cpo3(k),  the  lines 
haws  the  following  meanings,  respeotiTslyt 

6.2.1.1  Signals  from  L«3l55  to  ETt 

Cpe3(k)  Output  Priority  (0  f-  k  £:  Hi) 

Cpclt(k)  Output  Data  {0  \l  t.  "iix) 

Cpo5(k)  Output  Operation  (O^k-li^) 

6.2.1.2  Signals  from  ET  to  L-3l55i 

Cpp5(k)  DoTioe  Clock  (Otk^^-ll*) 

Cpp6(k}  Output  Operation  Complete  (0  -  k  -  Hi) 

Cpp7(k)  Device  Arallabls  (Oi^k-lli) 

6.2.2  During  input  operations,  idilch  are  designated  by  a  false  condition 
of  the  Output  Priority  (Cpo3)  line,  the  wires  have  tho  following 
designations t 

6.2. 2.1  Signals  from  L-3155  to  ETt 

Cpo3(k)  Output  Priority  (0  ^  k  i:-  111) 

Cpeli(k)  Input  Operation  Complete  (0  i  k  f  lli) 


Cpc5(k)  Input  Operation  (0  k  A.  Hi) 
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6.2.2.2 

6.3 

7.0 

7.1 

7.1.1 

7.1.2 

7.2 

7.2.1 

7.2.2 

7.2.3 

7.2.I1 


SigiimlP  .f'.rwrn  fj'T  to  L-3i55« 

Cpp5(k) 

Device  Clock 

(0  tk  i-Ui) 

’3pp6(k) 

Tnput  Date 

(0  £.  k  f=  lb) 

Cpp7(k) 

Kascage  Available 

(Oik  ilb) 

The  index  k  above 

refava  to  a  speoiflo  input-output 

davloa  eon- 

nector  position  on  tho  1-315?  Control  Prooaoaor  oonaolo. 


SlSra^  Ol’ERATION  OOTFUT  TO  THE  L-119  BOITER-PHOCBSSOR  IROM  THE 

- 

Bjctornal  JJotIco  Addrooaing. 

Tha  propas-oclnoas  ol’  tho  L-119  to  rooolva  an  output  maaaaga  from 
thfl  L-315?  Central  Computor  will  ba  aacertalnod  by  program  taatlng 
tho  approprlato  "DottIoo  Avallablo"  (Cpp3)  lino  and  tho  atatua  of 
du))loxlng  switching, 

Tha  output  inotrnctlon  will  aoloct  tho  L-119  and  oonnoot  Ita  aot 
of  85^nal  linos  enwnoratod  in  seotion  5,0  to  tha  Contra!  Proooaaor- 
Dv.f.f'sr  T’roconaor  Intarfaco, 

Moaaago  Transfer  from  L-3155  Central  Prooesaor  to  L-119. 

Tho  '^Dovlco  AYailablo'’  (Cpp3}  lino  will  romain  true  throu^out  tho 
trftTiBinlsBlon  period  until  tha  Control  Procaaaor  rotuma  tho  ^output 
Operation"  (Cpcl)  lino  to  tho  falao  state.  A  teat  Inatruotion  dur¬ 
ing  the  transnj.aalon  period  will  find  any  output  L-119  unawailabla. 

Data  will  bfl  trMiaforred  to  tho  aeleotad  L-119  bit  aerially  owr 
tho  ^Output  Data"  (Cpo2)  lino.  The  firat  bit  tranamlttod  will  be 
tho  loKSt-algniricant  bit  of  tho  noot-algnifioant  oharaotor  of  the 
output  mosago. 

TTio  triM  fitato  of  tho  "Output  Operation"  (Cpol)  line  will  indioate 
tc  the  cxtornul  d.Tloo  that  a  meaningful  bit  la  preaont  on  tha 
''Output  Let  a"  TJic  "Output  Operation"  line  will  aeeume  lie 

txMO  ntal’)  cftAv  tVio  first  dnta  bit  has  been  establlahed  on  the 

"Outfn;:l  jlno. 

bhen  the  L-119  is  ready  to  reoeire  the  output  meeeajgef  it  will  aend 
a  aeriea  of  olook  pulaea  to  tho  L-3155  Central  Prooesaor  on  the 
"DeYi.oe  Clock"  (Cppl)  line.  The  L-3155  will  use  tha  trailing  edgoa 
of  tha  olook  pulaea  roceired  from  the  L-119  to  make  the  subaequent 
bits  of  the  moesage  aTallable  to  the  L-119. 
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7.2.5 

7.3 

7.3.1 

7.3.1.1 

7.3.2 

7.3.3 

7.3.U 

7.3.5 

7.3.6 

7.U 

7.11.1 

7.11.2 


lha  L*119  will  ohaok  tha  parity  of  aaoh  eharaotar  aa  It  la  racalrsd. 
Parity  of  aaoh  oharaotar  ahall  alao  ba  ohaokad  at  tha  oomputar  prior 
to  tranamiaaion. 

Output  Opa  ration  Ikrmlnation* 

An  and-of'inaaaago  oharaotar  tranenlttad  from  tha  Cantral  Prooaaaor 
and  raoognizad  by  tha  L«119  will  ba  uaad  to  tarminata  tha  output 
oparation.  Tha  and-of-maaaaga  oharaotar  «ill  ba  tha  "and-of-massaga" 
otxaraotar  apaoifiad  in  tha  L-3155  Coda  liatad  in  Appandix  A. 

Tha  ou^ut  oparation  will  alao  ba  'tarminatad  by  tha  oharaotar  coda 
for  (quaation  mark)  aa  liatad  In  Appandix  K,  whioh  can  be  intar> 
prated  alao  aa  End-of-Blook,  more  blookva)  following. 

After  tha  L>119  raoognizaa  the  and-of-meaaaga  or  ond»of>blook  ohar> 
aotar  and  haa  varifiad  parity,  It  will  place  a  logical  one  on  the 
'Operation  Complete "  (C^2)  Una  and  continue  aandlng  clock  pulaaa 
on  tha  "Oatlca  Clook”  line. 

After  a  logloal  one  la  placed  on  the  "Operation  Complete"  line,  the 
Cantral  Procaaaor  will  place  a  logical  laro  on  the  Output  Oparation 

Una. 

After  a  logical  aero  la  placod  on  the  "output  Operation”  line,  the 
L«119  will  place  a  logloal  zero  on  the  "Darica  Available”  line, 
cease  tranomlttlng  clocks  on  the  "Devlco  Clock"  line  and  place  a 
logloal  zero  on  the  "Operation  Complete"  line. 

When  the  L-3155  Cantral  Processor  places  a  logical  zero  on  the 
"Output  Oparation"  line.  It  will  also  disconnect  the  selected  exter¬ 
nal  device  from  the  Central  Processor-Buffer  Processor  Interface  and 
generate  an  **1-0  Interface  Not  Busy"  Interrupt. 

Tha  termination  control  signals  will  operate  In  synchronism  with  the 
L-119  clock. 

Error  Considerationo. 

If  a  parity  error  Is  detected  by  the  L-119 »  It  will  place  a  logloal 
one  on  the  "Parity  Error”  (CppU)  line  and  maintain  this  signal  level 
and  continue  sending  clock  pulses  on  the  "Device  Clook"  line  until  a 
logloal  zero  Is  placed  on  the  "Output  Operation”  line.  The  logloal 
one  on  tha  "Devloa  Available"  line  will  be  maintained  by  tha  L-119. 
"Data  Parity  Error"  Interrupt  Is  generated  by  these  oondltlons. 

If  tha  L-3155  Central  Processor  dataots  an  error.  It  will  disconnect 
tha  salsotad  L-119  from  the  Central  Processor-Buffer  Processor  Inter¬ 
face  by  placing  a  logical  zero  on  the  "Output  Operation"  line.  The 
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loglca],  onti  cm  tho  '•Di'i'ica  A-railabla"  lint  hIU  bt  mtinttlntd  by  tht 
L-Ll?.  Kl-0  M  Kog.U7ter  Bn’or”  or  Operand  Addx^tt  Error" 
;lni«rru)7t  .le  gonaratod  by  those  conditions. 

X.f  the  oxitput  operation  has  not  terminated  normallyf  as  described  In 
7.3»  or  by  dotact.od  ari'or,  as  described  in  T.li.l  and  7.1i.2,  it  will 
bo  tonninatod  in  7.0  i  10%  inlUinooonds,  disconnecting  the  L-119  and 
oaualng  an  "I-O  Hing-up  Error"  interrupt. 

If  a  logical  zoro  is  placed  on  the  "Output  Operation"  line  vhlle 
a  logical  zero  io  on  the  'Operation  Complete"  line,  the  L-119  will 
ignore  all  bits  x*ecloTad  during  the  interrupted  output  operation. 


SISTBM  OPERATION  -  INPUT  TO  L-3155  CENTRAL  COMPUTER  FROM  THE  L-119 

•  i  '  n— i— —  i  i  i  i  ■■■■■  ■  m  . . 


External  Derlce  Addressing, 

The  L-315»!3  Central  Processor  will  contain  two  Interlocksd  electronlo 
stepping  circuits  that  will  cycle  and  sample  the  state  of  the 
"Hosaage  ATnllable"  (Pcpl)  or  (Pcp3)  lines  of  each  extsmal  daylce 
position.  Threw  external  devica  positions  will  be  uniquely  avail¬ 
able  for  L-119  Buffer-Procassoro,  0ns  of  ths  two  alectronlc  stepping 
circuits  vrtll  sampla  the  L-119  "Message  Available"  lines  at  computer 
clock  rate.  For  every  cycle  through  the  L-119  positions,  the  second 
stopping  circuit  will  advance  to  the  next  available  ET  position, 
l.a,,  during  evmy  fourth  consecuti^-a  computer  clock  period,  all 
L-ll.?  Buffer-Proctjsnors  and  one  ET  will  be  saji^jled  for  message  avail- 
f.t)il;lty.  If  a  stepping  circuit  finds  that  an  external  device  has  a 
meeua{;o  available  (logical  one  level  on  the  "Message  Available"  line), 
it  will  select  that  position  and  generate  a  program  interrupt.  The 
program  will  be  abla  to  distinguish  between  a  L-119  message  ari  axi  ET 
messagn  ly  the  typo  of  interrupt, 

Tlie  program  con  doterraine  the  identity  of  the  device  having  the 
message  available,  and  cause  an  Input  operation  from  that  device  by 

an  input  instnictlon, 

Tlia  Injnit  instruction  will  directly  connect  the  set  of  signal  lines 
onunox’ated  in  arctlon  or  6.2  of  the  selected  external  device  to 
the  Gentrsl.  ProccBsor-Jhiffor  Processor  Interface. 

Ila(.£!'?go  Tx’ujj'ifor  fioin  L-119  to  L-3155  Central  Proceesor. 


The  "Message  Available"  (Popl)  line  will  remain  true  throughout  the 
tranamipaion  period  until  the  Central  Prooeeeor  returns  the  "Input 
Operation"  (Pool)  line  to  the  false  state.  However,  a  test  inatruo- 
tlon  during  tha  tranamisaion  period  will  not  find  a  nseeags  available. 
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6.2»2  Diita  will  b«  transfarrcd  from  th«  aeleotod  L-119  bit  serially  over 
the  "Input  Data"  (PopU)  Uns.  The  first  bit  transmitted  will  b«  the 
Isast-slgnifloant  bit  of  the  most-slgnlfloant  character  of  the  input 

massage. 

8.2.3  The  true  state  of  the  "Input  Operation"  line  shall  Indicate  to  the 
L-119  that  the  L-3155  Central  Pirooessor  is  ready  to  receire  data,, 

8.2. U  Vhon  the  L-119  is  ready  to  transmit  the  message ,  It  will  send  a 

series  of  clock  pulses  to  the  L-3155  Central  Processor  on  the  "Device 
Clock*  (Pop3}  line.  The  eomputer  >dll  use  the  trailing  edtes  of  the 
clock  pulses  received  from  the  L>119  to  strobe  the  bits  on  the  *Inp\it 
Data"  line  and  check  parity  on  each  character  received. 

8.3  Input  Operation  Termination. 

8.3.1  An  end-of -message  or  end-of -block  character  transmitted  from  the  1-119 
and  recognized  by  the  L-315^  Central  Processor  will  be  used  to  termin¬ 
ate  the  input  operation. 

8.3.1.1  The  end-of -message  character  speoifled  will  designate  an  end-of- 
msssage  without  foUowin;,  blocks. 

8. 3. 1.2  The  end-of-block  character  designated  by  the  code  representing  a 
question  mark  will  specify  blocks  following. 

8.3.2  After  the  L-31^5  Central  Processor  recognizes  either  end-of-block  or 
end-of -message  character  and  has  verified  parity,  it  will  place  a 
logical  one  on  the  "Computer  Operation  Complete"  (Poo2)  line. 

6.3.3  After  a  logical  one  is  placed  on  the  "Computer  Operation  Complete" 
line,  the  L-119  vd.ll  place  a  logioal  zero  on  the  "Mesaage  Available" 

Una. 

8.3. U  The  Central  Processor  will  respond  to  the  logical  zero  on  the 

"Meeoaga  Available"  line  by  placing  logioal  zeros  on  the  "Input 
Operation"  and  "Computer  Operation  Complete"  lines.  The  logical 
zero  on  the  "Input  Operation"  line  will  dieconneot  the  external 
device  from  the  Central  Proceseor-Buffer  Processor  Interface,  and 
generate  an  *!•<?  Interface  Not  Busy"  Interrupt. 

6.3*5  The  termination  control  signals  will  operate  in  synchronism  with 
the  L-U9  clock, 

8.1t  Error  Considerations. 

S.li.l  If  the  L-3155  Central  Proceeeor  detacte  an  error,  it  will  disconnect 
the  aelsoted  L-119  from  the  Central  Proceosor-Buffer  Proceseor  Inter- 
faot  by  placing  a  logical  zero  on  the  "Input  Operation"  line.  The 
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loslerd  one  on  tho  "Hesaage  Available  *  Una  vlll  be  maintained  bjr 
th'5  '*1-0  M  Raglatap  Error*  or  "I-O  Operand  Addreea  Error* 

Intemipt  la  generated. 

6.11.2  If  a  logloal  eero  la  placed  on  the  *Input  Operation*  line  vihlle  a 
logical  aero  Is  on  the  "Conpiter  Operation  Complete*  line,  the  L>119 
vlll  retain  till  portions  of  the  message  transmitted  and  It  vlll  be 
prepared  to  retransmit. 

8.11.3  If  the  Input  operation  has  not  temlnated  normally,  as  desorlbed  In 
8.3,  or  by  doteoted  error,  as  desorlbed  in  8.1.1  and  8. 1^.2,  It  vlll 
be  toiinlnatod  in  7.0  *  loj(  mi.lllseoonds,  generating  an  *I<^  Hang«up 
Error”  Interrupt.  Program  response  to  the  Interrupt  oan  oause  the 
stepping  circuit  to  step,  disoonnectlng  the  L>119. 

S.li.U  Ihe  "Stepplrv;  ClrcTilts”  wlU.  be  inhibited  by  the  presence  of  an 

error  oondition  as  specified  by  at^  of  tho  detailed  error  flip-flops 
associated  with  the  Prooessor  Intarfaoe.  The  Stepping  Circuit  vlll 
continue  to  select  the  last  devloe  used  for  'Input*  until  either 
the  Ignox^  Error  flip-flop  Is  set,  or  the  detailed  error  flip-flop 
le  reset. 


9.0  SYSrai  OPERATION  -  OUTPUT  TO  ET  PORTION  OP  THE  ICSS  FROM  THE  L-3155 

usmkTmc^sm - - 


9.1  Exteimal  Device  Addressing. 

9*1.1  The  pntparednsss  of  the  external  ET  device  to  receive  an  output 
mensage  from  the  L-3155  Central  Computer  vlll  be  ascertaliMd  by 
program  testing  the  appropriate  status  Indicator  of  the  duplexing 
svltching. 

9*1*2  The  output  instruction  vlll  directly  connect  the  eet  of  signal  lines 
enumerated  in  section  6.2  of  the  selected  ET  to  the  Central  Processor 
Input-Output  Interface. 

9*2  Konsage  Transfer  from  the  Central  Processor  to  External  Davlce. 

9*2,1  An  outiTut  operation  is  initiated  by  the  ''Output  Priority"  (Cpo3)  line 
going  true. 

9*2.2  lii  waponso  i/O  Uilr  action,  tho  "Device  Available”  (Cpp7)  line  must 
como  true  vlthln  5.0  mlcroseconde.  The  "Device  Available"  line  vlll 
remain  true  throughout  the  transmission  period,  until  the  Central 
Prooessor  returns  the  "Output  Operation*  (Cpc5)  line  to  the  false 
state. 

9*2*3  Data  vlll  be  transferred  to  the  selected  ET  bit  eaidally  over  the 
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"Output  Data"  (CpcU)  line.  The  first  bit  transmitted  will  be  the 
least'Signifioant  bit  of  the  most-eignifioant  character  of  the 
output  message. 

9t2»h  The  true  state  of  the  "Output  Operation"  (Cpo5)  lino  shall  ijidioate 
to  the  ET  that  meaningful  data  is  present  on  the  "Output  Data" 

(Cpob)  lino.  The  "Output  Operation"  line  will  assume  its  true  state 
after  tho  first  data  bit  has  been  established  on  the  Output  Data 
line  but  no  sooner  than  10  microseconds  after  tho  "Output  Priority" 
line  goes  true. 

9*2.$  Vhen  the  ET  is  ready  to  receive  the  output  message,  it  ifill  send  a 

series  of  clock  pulses  to  tho  L-31i>?  Central  Processor  on  tho  "DeviM 
Clock"  (Cpp5)  line.  The  1-3155  will  use  the  trailing  edges  of  tha 
clock  p^ses  zmceivod  from  the  ET  to  make  the  subsequent  bits  of  t4’ie 
message  available  to  the  ET. 

9.2.6  The  ET  shall  check  the  parity  of  each  character  as  it  is  received. 

Parity  of  each  word  shall  also  be  chocked  at  tho  computer  prior  to 
transmission. 

9.3  Output  Operation  Termination, 

9.3.1  An  ond-of-nsssage  character  transmitted  from  the  Central  Processor 
and  recognized  by  the  ET  will  be  used  to  terminate  the  output  oper¬ 
ation.  The  end-of -message  character  will  be  the  end-of -massage 
character  spocJjfiod  in  the  1-3155  code  as  listed  in  Appendix  A. 

9.3.2  After  the  ET  recognizes  the  end-of-msssago  character  and  has  veri¬ 
fied  parity,  it  will  place  a  logical  one  on  tho  "Output  Operation 
Complate"  (Cpp6)  line  and  continue  aendlng  clock  pulses  on  the 
"Devloe  Clock"  (Cpp5)  line. 

9»3,3  After  a  logical  one  is  placed  on  the  "Output  Operation  Complete"  lliia, 
tho  Central  Processor  will  place  logical  zeros  on  tho  "Output  Priority" 
and  "Output  Operation"  lines, 

9*3.U  After  a  logical  zero  is  placed  on  tho  "Output  Operation"  (Cpo5)  line, 
the  ET  will  place  a  logic a],  zero  on  the  "Device  Available"  (Cpp7) 
line,  cease  transmitting  clocks  on  tho  "Device  Clock"  line,  and  place 
a  logical  zero  on  the  "Output  Operation  Conqplote"  (Cpp6)  lino. 

9*3*5  When  the  L->3155  Central  Processor  places  logical  zeros  on  the  "Output 
Operation"  lino  and  tlie  "Output  Priority"  line,  it  will  also  dis- 
oonneot  the  saleoted  ET  from  the  Central  Processor  Input-Output 
Interface  and  generate  an  "I«0  Interface  Not  Busy"  interrupt. 


CODE  IDENT  NO. 

36090 

i 

L190  000  832 

SCALE 

SHEET  11 

rpUM  1414 


9.3.6 

9.b 

9.h.l 

9.1i.2 

9.h.3 

10.0 

10.1 

10.1.1 


Tliii  t/irw.lnnb:1on  control  olgnals  will  oporata  in  aynchronlam  with 
tha  Er  clock. 

Error  Consid  oratioiw , 

If  a  parity  error  is  dntactod  by  tha  BT,  it  irt.ll  place  a  lopical  zero 
on  tho  "Davlca  Avallnblo"  (Cpp7)  Una  without  placing  a  logical  one 
on  tha  "Output  Operation  Gompleta"  lino  and  continue  sending  clock 
pulses  on  tho  "IKavlco  Clock"  line  until  logical  zeros  are  placed  on 
the  tiutput  Operation"  and  "Output  Priority"  signal  lines.  "Data 
Parity  Error"  interrupt  is  gono rated  by  those  conditions. 

If  the  L-3155  Central  Processor  detects  an  error,  it  will  disconnect 
tho  selected  ET  from  the  Central  Processor  Input^Jutput  Intsrfacs  by 
placing  logical  zeros  on  ths  "Output  Operation"  and  "Output  Priority" 
signal  linoo  without  placing  a  logical  one  on  the  "Output  Operation 
Comploto"  lino.  Vdian  tho  ET  detects  a  logical  zero  on  tho  "Output 
Operation"  line,  It  irtll  stop  sending  clock  pulses  and  place  a  logi¬ 
cal  zoro  on  tho  "Dovico  Available"  line.  "I-O  M  Register  Error"  or 
"I-O  Operand  Address  Error"  interrupt  is  generated  by  these  condi¬ 
tions  . 

If  "Device  Available"  does  not  come  true  after  1  usee  and  before 
J)  micronoconcis  after  "Output  Priority"  goes  true,  or  is  true  before 
"Ovitput  Phriority"  goes  true,  this  will  lead  to  an  "I-O  Hang-up  Error" 
interrupt  of  the  L-3155  Central  Processor  and  cause  the  ET  to  be 
disconnected. 


If  the  output  operation  has  not  terminated  normally,  as  described  in 
9.3,  or  by  detected  error,  as  described  in  9.1j.l  and  9»h»2,  it  wi.ll 
be  terminated  in  35  i  1056  milliseconds,  disconnecting  the  ET  an-- 
causing  an  "I-O  Hang-up  Error"  interrupt. 


SISTS’l  OPERATION  -  IIPPUT  FROM  THE  ET  PORTION  OF  THE  ICSS  TO  THE 
External  Device  Addressing, 

Hip  L-3155  Central  Processor  will  contain  two  Interlocked  electronic 
8t.eppj;ug  c-Ircults  tliat  will  cycle  and  sample  the  state  of  the 
"?'Ieosugo  Available"  (Pcpl)  or  (Pcp3)  lines  of  each  external  device 
position.  Three  external  devloe  positions . will  be  uniquely  avail¬ 
able  for  Ii-119  Buffer- Processors,  One  of  tho  two  electronic  stepping 
oiroults  will  sample  the  L-119  "Message  Available"  lines  at  computer 
olook  rats.  For  every  cycle  through  the  L-119  positions,  tho  second 
stepping  circuit  irtll  advance  to  the  next  available  ET  position. 


e 
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10.1.2 

10.1.3 

10.2 

10.2.1 

10.2.2 

10.2.3 

10.2.1 

10.2.5 

10.3 

10.3.1 

10.3.2 


l.«..  during  •Tsry  fourth  conoecutivu  oomputor  clock  periods,  all 
L-119  Duffar'Proeesaore  and  one  ET  dorlca  will  be  eamplad  for 
moeeage  arailablUtjr.  If  a  stepping  circuit  finds  that  an  extexnml 
devleo  has  a  massage  available  logical  one  level  on  the  'Message 
Available"  line),  it  will  select  that  position  and  generate  a  pro» 
gram  Interrupt.  Hxe  program  will  be  able  to  distinguish  betwuer. 

L-119  massage  and  an  ET  message  by  the  type  of  interrupt. 

The  program  can  determine  the  identity  of  the  device  having  the 
rness/i/re  a,nd  cause  an  input  operation  from  that  devico  liy 

an  Input  In a traction. 

The  in]Mit  instiuction  will  directly  connect  the  set  of  signal  lincB 
enuinorated  in  section  6,2  of  the  selected  ET  to  the  Centx'^  Processox^ 
Input  -Output  Interface . 

Mesaaga  Transfer  from  the  ET  to  the  L-3155. 

During  an  input  operation,  the  "Output  Priority"  (Cpc3)  line  will 
remain  fales. 

The  "Message  Available"  (Cpp7)  lino  will  remain  txue  throughout  the 
transmission  period,  until  the  Central  Processor  lutums  the  "Input 
Operation"  (Cpp5)  line  to  the  false  state. 

Data  will  bo  transferred  fium  the  selected  ET  bit  serially  ovor  the 
"Input  Data"  (Cpp6)  line.  The  first  bit  transmitted  will  ba  the 
least-significant  bit  of  the  most-slgnlfloant  character  of  the  input 
message. 

The  txue  state  of  the  "Input  Operation"  (Cpc5>)  line  shall  indicate 
to  tlxe  ET  tliat  the  L-3155  Central  Procooeor  is  ready  to  receive  data. 

When  the  ET  is  ready  to  traixsmit  the  input  moesage,  it  will  send  a 
seidLes  of  olock  pulses  to  the  L-3155  Central  Piucessor  on  the  "DavlcQ 
Clock"  (Cpp5)  line,  Tlie  L-3l5l>  will  use  the  trailing  edges  of  l^o 
clock  pulses  lucoired  from  the  ET  to  strobe  the  bits  on  the  "Input 
Data"  line  and  check  parity  on  each  word  recolvod. 

Input  Operation  Termination, 

An  «nd-of-mo3sago  character  tranr-snitted  from  the  ET  and  rocopilKod 
by  the  L-3l5l>  Central  Pi'oeosser  vdll  bo  usod  to  tarninato  the  input 
operation.  The  snd-of-mosaago  character  will  bo  the  ond-of-mflosago 
oharaoter  specified  in  the  L-3155  coda  as  listed  in  Appeixdix  A, 

When  the  L-3155  Central  Processor  recognizes  the  end-of-messaga 
character  and  has  veilfled  the  parity,  it  will  place  a  logical  one 
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on  tha  "Input  Operation  Complete"  (Cpcli)  line. 

10.3.3  When  a  loRlcal  one  is  placed  on  the  "Input  Operation  Complete"  (Cpoli) 
lino,  the  external.  doTlco  vill  place  a  logical  zero  on  the  "Message 
ATailable"  (Cpp7)  lino. 

IO.3.U  The  L-31^!>  Central  Proeensor  vlU  respond  to  the  logloal  zero  on 

the  "Mossage  Available"  line  by  placing  a  logical  zero  on  the  "Input 
Operation"  lino.  It  will  also  disconneot  the  selected  external 
device  from  the  CentrtQ.  Proooooor  Input-Output  Interface  and  generate 
an  "I"^  Interface  Not  Busy"  JjitoxTupt. 

10«3.$  Ihe  tnrmlnation  control  signals  will  operate  in  synchronism  with  the 
ET  clock. 

IO.I4  Error  Conslderationo. 

lO.lt.l  If  a  parity  error  is  deteoted  by  the  ET,  it  will  place  a  logical  zero 
on  the  "Message  Available"  (Cpp7)  line  without  placing  a  logical  one 
on  the  "Input  Operation  Complete"  line  and  continue  sending  clock 
pulses  on  the  "Device  Clock"  line  until  a  logical  zero  is  placed  on 
the  "Input  Operation"  (Cpc5)  line.  "Data  Parity  Error"  intenrupt  is 
generated  by  those  conditions. 

10.lt. 2  If  tlie  L-3155  Central  Processor  detects  an  error,  it  will  disconnect 

tlia  selected  ET  from  the  Central  Processor  Input-Output  Interface  by 
placing  a  logical,  zero  on  the  "Input  Operation"  line.  The  ET  will 
stop  sending  clock  pulses  and  prepare  to  retransmit.  "I-O  M  Register 
Parity  Error"  interrupt  is  generated  by  these  conditions. 

lO.lt.3  If  the  input  operation  has  not  terminated  normally,  as  described  in 

10.3,  or  by  detected  error,  as  described  in  lO.h.l  and  10.1i.2,  it  will 
bo  terminated  in  3S>  t  10^  mllllBeconds,  generating  an  "I-O  Hang-'/.p 
Error"  interrupt.  Progx’am  response  to  the  interrupt  can  cause  the 
stepping  olrcvlt  to  step,  dloconnectlng  the  ET. 

lO.li.U  The  "Stepping  Circuits"  wlU  bo  inhibited  by  the  presence  of  an  error 
«70ndltlon  aa  O]70o.lfiod  by  any  of  the  detailed  error  fllp-flopa  aseo- 
oUterl  wl.th  the  Prooosoor  Interface.  The  Stepping  Circuit  will 
continue  to  oeloct  the  last  device  used  for  'Input*  until  either  the 
Tgnors!  Evrof  flip-flop  is  set,  or  the  detailed  error  flip-flop  is 
reset. 
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APPENDIX  C 


LIBRASCOPE  SPECIFICATION 
LI 90  000  833 


Preliminary  Specifications  of  the  MASS 
MEMORY  output  interface  with  the  MC  Dis¬ 
play  and  Console  Printer  portions  of  the 
less  (and  LP  displays.) 


C-1 


1.0  800PK 


1*1  Iht  Mass  Monoiy  Output  Intsrfaos  proTldss  for  information  transfor 
bstussn  ths  L-3155  Csntral  Prooassor  and  tha  MC  and  CP  portions  of 
ths  less.  Any  dsrlca  satisfying  ths  MC  roquirsmsnts  (suoh  as  a 
Largs  Pansl  Display)  can  bs  connsetsd  to  this  Intsrfaos. 


2.0  UNOOAOB  AMD  WORD 

2.1  An  L»31^^  Central  Processor  character  consists  of  six  data  bits 
and  one  odd  parity  bit.  Ths  code  used  in  ths  L-31$5  is  given  in 
Appendix  A. 

2.2  Bight  characters  constitute  one  word. 

2*3  Sixteen  words  constitute  one  block. 

2.li  Information  transfers  from  ths  L-315!>  Central  Processor  to  the 

Mass  Memory  (for  subsequent  transmission  to  the  ICSS)  shall  bs 
In  units  of  blocks. 

2.$  An  output  message  from  the  Mass  Memoty  to  the  MC  Is  defined  as  a 

sequence  of  words  transmitted  bit  serially  over  the  MC  data  line. 
A  word  is  transmitted  most-significant  character  first.  Each 
character  is  transmitted  lo as t-slgnif leant  bit  first.  Every 
seventh  bit  transmitted  will  be  the  odd  parity  bit  for  tha  six 
preceding  data  bits. 

2.6  An  output  message  from  the  Mass  Hsmory  to  the  CP  is  dsflned  as  a 
sequence  of  characters  transmitted  seven-bit  parallel  over  the 
CP  character  lines.  The  seventh  bit  is  the  odd  parity  bit  for 
the  other  six  bits. 


3.0  SIQMIL  LEVEI5  AND  IMPEDANCE 

3.1  Signals  to  MC  and  CP. 

3*1.1  A  '^rus”  level  (logical  one)  on  tlie  signal  lines  to  ths  external 
devices  shall  be  represented  by  -8.5V  1  2.5V, 

3.1.2  A  "false”  level  (logical  zero)  on  the  signal  Unas  to  ths  external 
devices  shall  be  I’epresonted  by  07  1  IV. 

3*1*3  The  signals  to  the  external  devices  shall  be  transmitted  over 
75  ohm  coaxial  line  such  as  Anphsnol  21-597* 
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3.1.14 


The  Input  Impedance  of  the  external  device  for  any  input  nlnnal 
line  ehall  be  7^  ohme  2  10|  for  either  the  true  or  false  levels. 
This  specified  impedance  shall  Include  any  required  line  termin¬ 
ation. 

3.1.^  The  rise  and  fall  times  measured  between  the  10^  and  90%  points 
shall  bo  between  0.1  and  0.3  microseconds  after  transmission 
throui;h  two  hundred  feet  of  properly  terminated  coaxial  line. 

3.2  Signals  from  MC  and  CP. 

3.2.1  A  "true"  level  (logical  one)  on  the  signal  lines  from  the  external 
devlees  shall  bo  represented  by  -8.5V  1  2.5V. 

3.2.2  A  "false”  level  (logical  zero)  on  the  signal  lines  from  the  exter¬ 
nal  devlees  shall  be  repiresented  by  OV  2  l.OV. 

3.2.3  The  signals  from  the  external  devices  will  be  transmitted  over 
75  ohm  coaxial  line  such  as  Amphenol  21-597. 

3.2.I1  The  input  impedance  to  any  signal  from  the  external  device  will  be 
75  ohms  2  10%  for  either  the  true  or  the  falsa  levels. 

3.2.5  The  rise  and  fall  times  measured  between  the  10%  and  90%  points 
shall  be  between  0.1  and  3.0  microseconds  after  transmission 
through  two  hundred  feet  of  properly  terminated  coaxial  line. 

3.3  Transfer  Rates. 

3.3.1  Transfer  rate  from  the  Mass  Memory  to  the  MC  shall  be  at  356,000 
2  10^  bits  per  second,  controlled  by  the  Mass  Memory  clock.  The 
transfer  will  initiate  at  a  maximum  of  5.6  milliseconds,  in  most 
oases.  In  response  to  a  demand  by  the  MC. 

3.3.2  Transfer  rate  from  the  Mass  Memory  to  the  CP  shall  be  1)4  2  5)( 
characters  per  second  maximum,  as  determined  by  demand  by  the  CP. 


li.O  INTERFERENCE  LIMITS 

li.l  Any  External  Device  which  Interfaces  with  the  L-31455  Mass  Memory 
shall  meet  the  Interference  limits  as  specified  In  MIL-I-26600. 
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5.0 

5.1 


SIQKILS  REQUIRED  FOR  OOTPUT  OPERATION  FK)M  MASS  MBIORY  TO  HC 
Sicnals  from  Kans  Memor;-  to  MC« 

1  •  Addr«880d  Device 


5,1,1 

F3MC(1) 

Word  Transfer  Order 

0 

^lii 

5,1,2 

P2MC(1) 

Data 

0 

tl  frlL 

5.1.3 

P3MC(1) 

Clock 

0 

Ir  1  t  11* 

5.2 

Signals  from  the  MC  to  Maos  Memory, 

5.2.1 

MCPti) 

Word  Demand 

0 

tl  111 

6.0  SIDNALS  REQUIRED  FOR  OUTPUT  OPERATION  BtOM  KASS  MEMORY  TO  CP 

6.1  Sienals  from  Maas  Memory  to  CP. 
j  ■  Addressed  Device 

6.1.1  Ff!CP(j)  Character  Available  0  ^  j  £■  lli 

6.1.2  P(k)CP(J)  Data  iek6.6  0  iL  j  Ih 


6,1,3  P7CP(J)  Parity  0  fc  J  t  llj 

6,2  Signals  from  CP  to  Mass  Memory, 

6,2,1  CPF(J)  Character  Demand  0  i:  J  i-ll4 


7,0  SISTE21  OPERATIOH  "  OUTPUT  ID  HC 

7.1  Transfer  from  Central  Proceosor  to  Mass  Memory  Buffer  Store  (MMB5), 

7.1.1  Tfie  preparedness  of  the  HC  to  receive  an  output  message  may  be  in 

part  ascertained  by  program  testing  of  the  status  of  the  duplexing 
switching,  ' 


7,1,2  The  selection  of  a  specific  output  channeli  and  thereby  the  MC  to 
Which  it  is  connected f  shall  be  by  specific  characters  in  the  File 
Command  that  initiates  transfer  of  a  program  designated  number  of 


blocks  from  the  Central  Processor  to  HMBS, 
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Mass  Mtnor7  Buffer  Store  (M>!BS)  vdll  conelst  of  1000  blocks  of 
storage  within  the  File  Console,  numbered  sequentially  and  filled 
eequentlally  and  cyclically  by  the  Central  Processor.  The  sequen¬ 
tial  filling  is  handled  autonatically,  and  is  not  under  program 
control. 

As  with  other  File  Commands,  the  Central  Processor  program  la 
signaled  by  a  "File  Not  Busy"  interrupt  when  message  transfer  to 
MKBS  ends. 

Error  Considerations. 

When  message  transfer  to  tlie  KHBS  cannot  take  place  without  over¬ 
writing  a  non-transmltted  block,  the  message  transfer  ends.  The 
program  can  detect  Incomplete  transfer  by  a  specific  test  In 
response  to  interrupt,  and  determine  the  appropriate  manner  in 
tdilch  to  iresume  message  transfer. 

When  a  message  transfer  Is  prograntned  to  the  MMBS  addressed  to  an 
output  channel  engaged  In  transmission  to  an  MC  or  to.  which  there 
is  not  connected  an  MC  ready  to  receive  a  transmission,  the  message 
transfer  to  MMBS  will  not  take  place  and  a  "Display"  Interrupt  will 
be  generated.  The  program  can  detect  failure  of  the  message  transfer 
by  a  specific  test  In  response  to  the  interrupt.  This  test  is 
further  described  in  section  7. 2. 9. 5. 

Message  Transfer  from  Mass  Memory  Buffer  Store  (MMBS)  to  MC. 

Concurrent  with  the  transfer  to  MMBS,  the  first  two  blocks  (or  the 
only  block)  of  the  message  are  loaded  Into  the  selected  output 
channel  circulating  line.  This  loading,  as  well  as  the  transfer 
to  MMBS,  is  conditioned  by  a  logical  one  on  the  "V/ord  Demand"  line. 

After  the  selected  output  channel  is  loaded  (taking  approximately 
5.6  milliseconds),  and  after  a  delay  of  approximately  0.3  milli¬ 
seconds  for  the  first  word  to  appear,  the  first  word  is  transmitted 
to  the  MC  bit  serially  over  the  Data  line,  as  described  in  section 

2.5. 


A  logical  one  on  the  Word  Transfer  Order  line  shall  indicate  to 
the  MC  that  meaningful  data  is  present  on  the  Data  line.  A  logical 
sero  will  be  placed  on  the!  "Word  Transfer  Order"  line  at  the  end  of 
the  last  (56th)  bit  of  the  data. 

Clook  pulses  will  be  present  on  the  Clock  line  concurrent  with  the 
center  of  the  data  bits.  The  clock  pulses  shall  be  in  the  logical 
one  etate  a  minimum  of  0.2  microseconds  as  measured  at  the  90j( 
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«nplltudo  points.  Iho  clock  pulses  shall  bs  In  the  logical  zero 
state  a  mlnlirnsn  of  2.0  microseconds  as  measured  at  the  10J(  ajnplltude 
points.  The  center  of  the  clock  pulses  shall  be  concurrent  with  the 
center  of  the  data  within  O.S  microseconds. 

7*2.5  Successful  transmission  of  the  word  will  bo  acknowledged  by  the  MC 
by  placing  a  logical  zero  on  the  Word  Demand  line  within  li.5  nllll« 
seconds  after  a  logical  zero  is  placed  on  the  Word  Transfer  Order 
line.  The  logical  zero  must  remain  on  the  Word  Demand  line  a  minimum 
of  10  microseconds. 

7*2.6  After  acknowledgement ,  a  logical  one  placed  on  the  Word  Demand  line 
will  Indicate  readiness  of  the  MC  to  receive  the  next  word.  If 
aoknowledgoment  is  made  as  In  section  7.?.5|  and  a  logical  one  placed 
on  Word  Demand  within  milliseconds  after  the  end  of  a  word  trans¬ 
mission,  the  next  word  will  be  transmittod  $.6  milliseconds  after  the 
end  of  a  word  transmission.  A  longer  delay  in  placing  a  logical  one 
on  Word  Demand  will,  cause  transmission  of  the  next  word  in  a  corres¬ 
ponding  multiple  of  5.6  milliseconds  after  the  end  of  a  word 
transmiosion. 

7*2.7  After  the  first  block  in  the  output  channel  has  been  transmitted, 

transmission  of  words  from  the  second  block  ensues  without  heeltation, 
wliile  the  output  charnel  accesses  Ml'lBS  to  mark  the  first  block  obso¬ 
lete  and  to  pick  up  tho  third  block  of  the  message  and  ready  it  for 
transrdsalon.  Ti’ansmisslon  of  tho  remaining  blocks  proceeds  smoothly 
in  this  manner  except  for  occasional  possible  interference  by  loading 
of  MMBS  by  tho  Central  Pi’ooossor  or  by  accesses  by  other  output 
channels. 

7*2*8  Termination  of  Ti’ansmisslon. 

7*2* 8*1  When  the  last  word  of  tho  last  block  in  MMBS  for  any  channel  has  beend 
transmitted,  tho  MG'  will  acknowledge  as  in  section  7*2.5*  The  output 
chaiuiel  will  access  and  mark  obooloto  this  block  in  MHB5,  and  enter  a 
non-transmitting  state.  As  soon  as  the  Central  Processor-Mas e  Memory 
IntercoJinootlon  allows,  a  "aisplay"  interrupt  will  be  generated, 

7*2 .8.1.1  If  the  last  word  of  a  tranflmi.soion  is  not  an  BOM,  the  MC  will  request 
further  transndssion  as  in  section  7*2*6,  idiich  will  allow  the  pro¬ 
gram  to  load  a  continuation  of  the  output  display  image  as  in  eeotloh 

7.1. 

7*2. 8*1*2  If  the  last  word  of  a  transmission  is  an  BOM, -the  MC  will  continue  to 
place  a  logi.eal  zero  on  tho  Word  Demand  line  until  such  time  as  it 
ean  accept  resumption  of  transmleslon. 
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7*2* 6*2  Tht  Ctntral  ProocBsor  o«n  test  the  statue  of  all  the  output  channels 
as  to  transmitting,  or  non-transmitting ,  and  thus  determine,  In  re¬ 
sponse  to  Intex^pt,  which  channel  Is  ready  for  loading. 

7*2.9  Error  Considerations. 

7*2*9.1  Parity  Errors  In  Transmission, 

7*2*9. 1.1  If  a  parity  error  Is  detected  by  the  MC,  there  will  be  no  acknowledge¬ 
ment  as  In  section  7.2.^,  and  the  MC  will  continue  to  place  a  logical 
one  on  the  Word  Demand  line  for  at  least  milliseconds  after  a 
logical  sere  Is  placed  on  the  Word  Transfer  Order  line, 

7*2*9*1*2  Iha  Output  Channel  will  respond  to  the  error  indication  in  section 
7. 2. 9. 1.1  by  retransmitting  the  word  as  described  In  sections  2.5, 

7.2.3  and  7.2.1,  Retransndsslon  will  begin  in  approximately  5.6 
milliseconds  after  the  previous  transmission, 

7*2. 9*1. 3  Successful  retransmission  will  bo  acknowledged  as  described  in  section 
7.2.5  and  the  normal  transfer  sequence  will  resume, 

7*2. 9*1. It  If  a  parity  error  is  detected  In  the  first  retransmission,  the  condi¬ 
tions  in  sections  7. 2, 9. 1.1,  7. 2. 9. 1.2  and  7, 2. 9. 1.3  will  again  apply, 
providing  a  second  ratransmisolon, 

7*2. 9. 1.5  If  a  parity  error  is  detected  in  the  second  retransmission,  the  condi¬ 
tions  in  section  7. 2. 9. 1.1  shall  apply.  Approximately  5.6  milli¬ 
seconds  after  the  second  retransmission,  a  logical  one  will  be  placed 
on  the  Word  Transfer  Order  lino  for  the  normal  duration  of  a  Word 
Transmission.  When  a  logical  zero  is  again  placed  on  the  Word  Transfer 
Order  line,  the  transfer  to  the  KC  will  be  considered  to  have  aborted. 

7*2*9.2  Signal  Failures. 

7*2*9«2*1  If  the  Word  Demand  lino  fails  so  that  a  logical  one  is  continuously 
presented  to  the  Output  Channel,  the  sequence  described  in  7. 2. 9.1 
will  take  place,  as  though  there  were  repeated  parity  errors,  and 
the  message  tx'ansmleslon  will  aboH. 

7*2*9.2*2  If  the  Word  Demand  line  presents  a  logical  zero  between  KMBS  loading 
ae  deecrlbed  in  section  7.2.1  and  first  word  transmission  as  described 
In  eeotlon  7.2.2,  the  message  transmission  will  abort, 

7*2*9«2*3  If  the  Word  Demand  line,  after  acknowledglxxg  a  successful  transmission, 
as  described  in  section  7.2.5,  fails  to  demand  the  next  word  as  des¬ 
cribed  in  oectlon  7.2.6  within  a  timed  interval  after  the  end  of  the 
aoknowledged  transmission,  the  transmleslon  will  abort.  The  timed 
Interval  will  be  3.0  *  1.0  seconds. 
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7*2*9. Should  tharo  bo  a  falluro  of  the  Word  Trariefer  Order  line  or  the 
Clock  line,  the  MC  will  not  acknowledge  transmlsaion  and  the  ee- 
quenoo  described  in  7. 2.9.1  will  take  place,  as  though  there  wore 
repeated  parity  errors  and  the  message  transmission  will  abort. 

7*2*9*2*^  If  the  Data  line  fails,  it  will  either  send  logical  zeros,  recognized 
as  bad  parity,  or  logical  onos  in  »Mch  case  massage  transfer  is  not 
lialted,  unless  the  MC  iticognlzes  this  condition  and  induces  an  abort* 

7*2*9* 3  When  message  transfer  to  aai  MC  is  aboHed  resulting  from  conditions 

described  in  sections  7. 2. 9.1  and  7. 2, 9. 2,  the  Output  Chaxmel  will 
cease  responding  to  signals  on  the  V/ord  Demand  line,  and  will  cease 
transmitting  words.'  It  will  find  and  mark  obsolete  all  remaining 
blocks  of  the  message  in  MllBS,  and  then  enter  a  "non-transmitting, 
error"  state.  As  soon  as  tho  Central  Processor-Mass  Memory  inter- 
coni»ction  allows,  a  "DlvSplay"  Interrupt  vdll  be  generated. 

7*2*9*b  The  Central  Processor  test  of  Output  Channel  status,  described  in 

eeotion  7. 2. 8. 2,  wl]JL  indicate  additionally  for  each  channel  whether 
the  non-transmitting  state  resulted  from  a  successful  transmission 
or  from  an  abort  condition. 


7*2*9*$  The  Centi’al  Processor  test  of  Output  Channel  status,  described  in 
sections  7. 2. 8, 2  and  7.2.9.!i,  wj.ll  indicate  additionally  fbr  each 
channel  whether  an  operative  MG  is  present  as  indicated  by  a  logical 
one  on  tho  Word  Demand  lino. 


8 * 0  SYSTEM  OFBMTIOH  -  OUTPUT  TO  CP 

8*1  Transfer  from  Control  Praceasor  to  the  Mass  Memory  Console  Printer 

Store  (MMCPS). 

8.1*1  Tho  preparedness  of  tho  CP  to  receive  an  output  message  may  be  In 
part  ascertained  by  program  testing  of  the  status  of  the  duplexing 
switching* 

8*1*2  Tho  selection  of  a  spoclfic  output  channel,  and  thereby  the  device 
to  which  it  is  connected,  shall  be  by  a  specific  file  addireas  in 
tho  Jllo  Cotinand  that  initiates  transfer  of  the  message  to  Mass 
Memory  Console  Printer  Store. 

8.1*3  The  Mass  Memory  Console  Printer  Store  (MMCPS)  will  consiet  of 

1$  regions  of  storage,  each  region  capable  of  holding  up  to  1110 
characters.  Each  region  will  operate  in  conjunction  with  a  specific 
one  of  the  15  Console  Printer  Output  Channels. 

8.1*l!t  As  with  other  File  Coimriands,  tho  Control  Processor  program  is 
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signaled  by  a  "File  Not  Buoy"  Interrupt  when  moasage  transfer  to 
MMCPS  ends. 

Error  Conolderatlone. 

Vhen  a  mosoago  transfer  Is  programmed  to  the  MMCPS  addressed  to  an 
output  channel  engaged  In  tranomlsslon  to  a  CP,  the  message  transfer 
to  MMCPS  will  not  take  place  and  a  "Display"  interrupt  will  be  gener¬ 
ated.  Tlie  program  can  detect  failure  of  the  message  transfer  by  a 
specif'*''  test  in  response  to  the  Interrupt,  This  test  is  further 
deacri  d  in  section  8.2,6. 

Message  Transfer  from  Mass  Memory  Console  Printer  Stoie  (Ml'ICPS)  to  CP, 

Subsequent  to  M14CPS  loading,  and  after  access  time,  the  Character 
Available  line  will  go  true  indicating  presence  of  the  first  valid 
character  of  the  message  on  the  Data  lines  and  on  the  Parity  line. 

The  Character  Demand  line  may  be  on  or  nay  come  on  in  response  to  a 
signal  on  the  Character  Available  line. 

When  the  Character  Demand  line  goes  false,  the  Character  Available 
line  will  go  false  within  ti  usee,  and  access  to  the  next  character 
will  begin.  This  access  will  last  between  h  usee,  and  70  milliseconds. 

After  the  next  character  is  accessed,  the  message  transfer  will  con¬ 
tinue  as  described  in  8.2.1. 

yihen  the  end  of  the  message  loaded  into  HJICPS  is  reached,  or  when  an 
BOM  character  is  detected,  mesaage  transmission  will  cease  and  a 
"Display*  interrupt  will  be  generated. 

The  Central  Processor  can  test  the  status  of  all  output  channels  as 
to  transmit tlng/^unavallable  or  not  transmitting,  and  thus  determine, 
after  interrupt,  which  channel  Is  ready  for  loading.  Unavailable 
status  shall  be  Indicated  by  a  logical  zero  on  the  "Character  Demand" 
line  after  the  output  channel  has  finished  transmitting. 

Exvor  Considerations, 

No  provision  is  made  to  de^ct  erroneous  parity  in  the  MMCPS  during 
transnieslon,  nor  is  provision  made  to  signal  the  MMCPS  of  parity 
error  detected  in  the  CP. 
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